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Introduction and 
Statement of Problem 
INTRODUCTION AND STATEMENT OF 
PROBLEM 
India is the seventh largest country in the world, lies to the 
north of equator between 8.4° and 37.6° north latitude and 68.7" 
and 97.25° east longitudes and occupies a total land area of 3.3 
million square kilometers (Anon, 2007a,b). The country exhibits 
great diversity in climate, topography, flora, fauna and land use. 
Agriculture is the main occupation of the people and almost 70% 
of the human population depends on agriculture for livelihood 
(Delphine and Thatheyus, 2003). The livestock contributes 
significantly in the economy of this country which comprises 7 
percent towards the national income (Chowdhury, 2002). India 
is endowed with the largest livestock population in the world. 
According to livestock Census, India has 98 million buffalo, 
61.47 million sheep, 185 million cattle and 124.35 million goats 
(Anon, 2003). It accounts for 57 percent of the world's buffalo 
population and 15 percent of the cattle population. It ua s 
estimated that the livestock sector has grown at an annual rate 
of 5.6% over the last ten decades (AH, 2007). In India buffalo 
and cattle generate 32% of the energy requirements for the rural 
economy (Odend'hal, 1972). Besides this, these animals provide 
meat, milk, skin, hide and dung for fuel and manure. Nearly 
90% of the male cattle and buffalo work as draught animals, 
being used for ploughing, drawing water from the wells and for 
transportation. Their share in the total input in crop cultivation 
is from 8-42% and hence cattle are given more importance in our 
agrarian society. Quality and quantity of cattle not only raises 
the social s tatus of the Indian farmers but also improves their 
economic conditions. It was estimated during 1984-85 that the 
animal husbandry generate Rs. 108,640 million which was 
roughly 18% of the total agricultural output (Anon, 1986). India 
alone produces 1.4 million tones of buffalo meat, 0.23 million 
tones of sheep meat, 0.47 million tones goat meat and 84 million 
tones milk (Anon, 2003). The dairy products are an important 
source of nourishment to which buffalo contribute more than 
58% of milk though they form only 30% of the total bovine (cattle 
and buffalo) population (Acharya, 1988). The total value of 
output from livestock sector alone was estimated as Rs. 929.6 
billion during 2001-2002 (Ali, 2007). Among the trade of 
agricultural products, the livestock products alone account for 
1/5* of the global trade. However, India share only 3% of world 
export and 0.4% imports (Birthal and Taneja, 2006). 
Further, sheep and goats also contribute significant!} to 
our economy. In western India camels are used in agriculture as 
well as in transportation. The total wool production from sheep 
farming in this country was estimated as about 38.4 million kg 
during 1984-85 and 44.5 million kg during 2004-2005. Sheep 
wool is also used in the carpet industry which helped in raising 
the economy from Rs. 132.8 million in 1968-69 to over Rs.2000 
million during 1983-84 (Anon, 1986). The foregoing data clearly 
highlight the importance of the livestock in our economw 
Therefore, animal scientists should emphasize selective breeding 
and effective animal management to increase the production of 
milk, meat, wool and improve draught animal power. However, 
animal can be utilized to their maximum potential only if equal 
attention is paid to their health through eradication or control of 
various diseases caused by viral, bacterial, protozoan and 
helminthes. 
Despite their importance, the tropical livestock productivity 
is quite low as visualized by Pino (1981). This is because of 
neglected management and poor health of animals due to 
various factors, among which parasitic disease is a major cause. 
Besides viral, bacterial and protozoan, a wide arra\ of 
helminthes including those responsible for zoonosis cause heavy 
morbidity and mortalities to livestock during the epidemic 
outbreaks. In order to prevent losses incurred by such parasitic 
diseases, it is essential that we should protect our farm animals 
from these infections. 
Among various zoonotic diseases caused by helminthes, 
"hydatid disease" or "hydatidosis" is one of the most important 
cyclo-zoonotic disease of major economic and public health 
significance with world wide distribution (Schantz, et at, 1995, 
Craig, et al., 2003). There is clear evidence for the emergence 
and re-emergence of cystic hydatid disease in many parts of ihc 
world (McManus et al., 2003). This disease is more prevalent 
in those areas where hygienic conditions are poor. There is also 
evidence that the disease is spreading due to lack of meat 
inspection, disposal of offal, dog management and appropriate 
legislation (Schwabe, 1986, Torgerson and Heath, 2003). In 
India, the conditions for the establishment and transmission of 
hydatidosis in both livestock and humans are ideal. The 
transmission depends on various factors like biotic potential, 
stimulation of immunity in host, life expectancy, developmental 
time of the parasite and various environmental factors (Rebecca, 
et al., 2005). The causative agent of this disease is the 
metacestode belongs to the genus Echinococcus. Two species, £. 
granulosus and E. multilocularis are mainly responsible for most 
of the animal and human infection, although several other 
species are also known to occur. 
At present four species, E. granulosus, E. multilocularis, E. 
Vogeli and E. oligarthrus were recognized (Thompson and 
McManus, 2001) on the basis of different criteria as shown in 
Table 1. Among these species, E. granulosus causes cystic 
echinococcosis and has cosmopolitan distribution, whereas, E. 
multilocularis, the causative agent of alveolar echinococcosis is 
restricted in its distribution to the northern hemisphere, such as 
Euresia and North America. The latter two species are confined 
to Central and South America (see Parija, 1996). In India, most 
of the animal and human infection was due to E. granulosus, 
and except one human case report from Chandigarh, E. 
multilocularis infection has not been reported. Human infections 
caused by the other two species [E. vogeli, and E. oligarthrus) arc 
yet to be reported (Parija and Sheela Devi, 1999). 
E.granulosus is a small 3-4 segmented cyclophyllidean 
cestode of 2-6 mm in length. Dogs and other canines are the 
definitive hosts where adult worms inhabit the ileum region. The 
gravid segments containing fully developed hexacanths are 
passed out with the faeces of canines, and when ingested by 
various intermediate host species during grazing, the hexacanth 
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develop into fluid filled cyst known as "hydatid cyst" (Fig. 1, 
Plate 1), where, the larvae (protoscoleces) are produced by 
asexual reproduction. Man may also get the infection due to 
close contact with dogs. Since, humans are rarely involved in the 
transmission of the parasite, therefore, they are considered as 
aberrant host. Hydatid cysts are of various types, like fertile 
(with larvae), sterile (without larvae) and calcified (caseatcd). 
Fertile cyst has main significance in maintaining the life cycle, 
whereas, the morbidity and pathological manifestations occur 
with all types of cysts. 
The worldwide distribution of E. granulosus has been 
largely due to movement of domestic animals during colonization 
of Europeans. This species has low intermediate host specificity 
and therefore, recorded from domestic and wild ungulates 
belonging to eight families particularly bovid as well as primates, 
leporids and macropod marsupials (Thompson and Allsopp, 
1988; Thompson and McManus, 2001). The parasite has the 
capacity to infect both wild and domestic host and may 
incorporate wild life and domestic animals concurrently in its life 
cycle. Thus, on the basis of involvement of animals, two distinct 
cycles, domestic and sylvatic were recognized. The domestic 
cycle is the most important cycle for perpetuating the parasite, 
8 
Plate 1: Hydatid cysts, collected from Buffalo liver (A and B) and lungs 
(CandD). 
{^jadi^ 
involving domestic ungulates and dogs as intermediate and 
definitive hosts respectively. Among various recognized domestic 
cycles, the sheep/dog cycle is most significant and widely 
distributed. Unlike domestic cycle, the sylvatic cycle is mainl}-
confined in its distribution and found mainly in the western 
hemisphere, former Soviet Union and Scandinavian countries 
involving wolves and cervids as definitive and intermediate host 
respectively (Thompson and McManus, 2001). 
Hydatidosis is responsible for major economic and public 
health problem. The annual incidence of this disease in man 
varies from < 1 to 220 per 100,000 populations in various 
endemic areas (Pawlowski, 1993). In India, the annual 
incidence rate varies from 7 to 10 cases per 10,000 surgery 
patients in Uttar Pradesh (Irshadullah et al., 1989a). The mean 
annual incidence of hydatidosis in humans was reported as 3 
cases per 100,000 populations from central Iran (Arbabi and 
Hooshyar, 2006). The mortality rate due to hydatidosis has 
been reported as 2-4%, but in the absence of proper medical 
facilities for treatment and care it may increase considerably 
(Ammann and Eckert, 1995). 
Hydatidosis has been reported in various livestock from 
different parts of India and Iran (Juyal et al., 2005; Arbabi and 
Hooshyar, 2006). The epidemiological surveys carried out in 
different parts of India and Iran is shown in Fig. 2. The 
prevalence of hydatidosis in livestock varies considerably, and 
the suitability of intermediate host varies from countrs' to 
country (See Eckert et al., 2001). In North India and Iran 
(study areas) buffalo and sheep were found the most suitable 
intermediate host respectively for the development of E. 
granulosus cysts in which both, prevalence and fertility rates of 
the cysts were found very high (IrshaduUah and Nizami, 1989b; 
Mobedi and Dalimi, 1994). Mostly hydatid cysts exert the 
pressure and other space occupying effect on different vital 
organs causing pain and atrophy. The intense host inflammator\-
responses and degenerative changes have also been reported 
from various intermediate hosts. 
The public health importance of a disease is reflected not 
only due to its rate of mortality but morbidity also plays a 
significant role. The economic losses are measured in terms of 
the lowered meat, milk and wool production and also from 
rejection of infected organs. The exact information about the 
actual economic losses caused by this disease is not available, 
whereas, some scattered reports are available from India and 
other countries. In a study carried out by IrshaduUah et al. 
12 
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Fig. 2: Maps of India (A) and Iran (B) showing location of hydatid surveys. 
(1989b) in Uttar Pradesh, the potential economic loss due the 
condemnation of buffalo livers alone was calculated as Rs 
131,400 per anum, which is sufficient amount for one small 
town abattoir where, the incidence of hydatidosis is not as high 
as in other areas of the country. In Italy, the annual economic 
losses due to hydatid disease in sheep and cattle has been 
evaluated as 18 and 7 million US $ respectively due to reduced 
quality of meat, milk, wool, retarded growth, decreased ferlilit\ 
and condemnation of infected meat (Arru et al, 1984). 
Ramazanov et at, (1978) estimated a total loss of 7% in milk 
production of animals suffering from hydatidosis from the former 
USSR. Since, the economic consequences due to hydatidosis m 
human beings are difficult to evaluate, therefore, very little 
information is available on this aspect. The economic and public 
health cost through hospitalization, medical and surgical fees, 
loss of income and productivity have been estimated to be 6 
million US $ from Italy (Arru et al., 1984). It has also been 
reported that 60% of hydatid patients who had undergone 
surgical treatment are unable to resume normal working life for 
a period of about 4 months and 40% are unable to work even 
after 6 months (Schantz, 1972). Thus, the losses due to hydatid 
disease are sufficient to rank it among the economicalh 
important zoonotic diseases. Hydatidosis, being a zoonotic 
disease has not yet received due attention by the parasitologists 
working in the tropical countries. Since, the estimated economic 
loss due to hydatid disease in man and livestock is considerable 
therefore, immediate attention is required to control this disease. 
Considering these facts, hydatid disease has been selected for 
the present study to provide the basic information for designing 
an effective control programme. 
The other important characteristic of this parasite is the 
development of strains, which makes the problem of hydatidosis 
much more complicated. To date large number of strains/ 
genotypes in E. granulosus have been reported from various 
parts of the world involving different intermediate and definitive 
host species, by using morphological, biochemical, 
developmental and molecular tools (Thompson and Lymbery, 
1988, 1990a, b; Irshadullah and Nizami, 1992; 1997; Bowles 
and McManus, 1993a, b, c; Lymbery, 1998; Thompson and 
McManus, 2001 , 2002; McManus and Thompson, 2003; 
Almeida et al.y 2007). Since, intraspecific variation in £. 
granulosus has epidemiological significance therefore, in order to 
establish control programme in different endemic regions an 
informal nomenclature was needed to reflect the phenotypic 
15 
variability evident between host derived isolates of E. granulosus 
(Thompson and McManus, 2002). Thus, the concept of strain 
was developed and defined as variant that differ statistically from 
other groups of the same species in gene frequencies or DNA 
sequences and in one or more characters of actual or potential 
significance to the epidemiology and control of echinococcosis 
(Thompson and Lymbery, 1988; Bowles et al., 1995; 
McManus and Thompson, 2003). 
The extensive intra-specific variation in the E. granulosus 
have impact on life cycle patterns, host specificity, 
developmental rate, antigenecity, transmission dynamics, 
sensitivity to chemotherapeutic agents, pathology and control of 
cystic hydatid disease (Thompson and Lymbery, 1988; 
Thompson, 1995; Thompson and McManus, 2001 , 2002; 
McManus and Thompson, 2003). This may have important 
implication for the designing and development of vaccines, 
diagnostic reagents and use of drugs to control echinococcosis 
(McManus and Bowles, 1996). For example, the adult parasite 
of the cattle strain of E. granulosus had short prepatent period of 
only 33-35 days nearly a week earlier than that of the common 
sheep strain (Thompson, 1995) and Indian buffalo strain 
(IrshaduUah and Nizami, 1992). This may affect the control 
programme where drug treatment to defmitive host is utilized to 
break the life cycle of transmission. Furthermore, there is 
evidence to support that some strains are more infective to 
humans than others (Eckert and Thompson, 1997). 
Strain characterization is particularly very significant for 
the development of an effective control programme. Since, each 
strain vary in their infectivity to domestic intermediate and 
definitive hosts as well as human beings, therefore, it is essential 
to recognize which strains are present and which host support 
the perpetuation of life cycle in a particular area. Thus, the 
development of different strains of this parasite poses a serious 
problem in designing a single effective control programme. 
Therefore, from a practical point of view the recognition of strain 
becomes pre-requisite for an integrated control programme, 
aimed at limiting transmission in endemic regions. 
Extensive studies have been carried out during the last few 
decades on the problem of strain variation in E. granulosus and 
various strains have been identified from different hosts and 
geographical regions (Thompson et al., 1995, Thompson and 
McManus, 2001; Thompson et al, 2006). Now the concept of 
strain variation became more evident from increasing evidence of 
genetic differences between E. granulosus isolated from different 
ItU^ Di*^ 
intermediate host species (McManus and Simpson, 1985; 
McManus and Rishi, 1989). Such genetic variation has been 
found to be correlated with phenotypic variability and from this 
the concept of a series of host adapted strains of E. granulosus 
was developed (Thompson and McManus, 2002). The 
application of molecular tools for characterizing isolates of 
Echinococcus was proved to be very useful in our understanding 
of the population genetics, epidemiology and taxonomy of the 
parasite. Earlier the strains of E. ganulosus were characterized 
by using morphological (rostellar hooks) traits (Thompson and 
Lymbery, 1988; Lymbery, 1998), biochemical and isoenzyme 
profiles (Bryant and Flockhart, 1986; McManus and Bryant, 
1995), are now being characterized by more sensitive molecular 
approaches which are successful in discriminating species and 
strains and have confirmed the complexity of genetic variation 
within E. granulosus (McManus and Bryant, 1995; McManus, 
2002 , Thompson and McManus, 2001 , 2002). In particular the 
molecular techniques such as polymerase chain reaction based 
method (PCR-RFLP) and the sequenceing of the mitochondrial 
cytochrome c Oxidase subunit 1 (Coxl) and NADH 
dehydrogenase 1 (NADl) genes have been extensively used in the 
identification of Echinococcus species and genetically distinct 
genotypic strains of E. granulosus (Bowles et al., 1992a; 
Bowles and McManus, 1993a, b; Obwaller et al, 2004). To 
date, 10 distinct genotypes (Gl- GIO) have been identified within 
E. granulosus (Lavikainen et ah, 2006 , Thompson et at, 
2006). The range of intermediate/definitive hosts, infectivity to 
man and geographical distributions of these strains/genotypes 
are shown in Table 2. 
The identification of E. granulosus strains or variants has 
been carried out in different laboratories using different 
analytical methods (morphology, in vivo and in vitro development, 
biochemistry and molecular genetics), have proved to be useful, 
particularly when used together. So both morphological and 
molecular approaches together could provide more accurate and 
reliable information about the nature and extent of variation 
within E. granulosus (McManus and Brayant, 1995; McManus 
and Bowles, 1996; Eckert and Thompson, 1997; Thompson 
et al., 2006; Ahmadi and Dalimi, 2006) and for developing a 
reliable surveillance system which is essential for assessing the 
success of intervention strategies (Gemmell and Roberts, 
1995). Unfortunately, the degree of genetic variability in 
populations of E. granulosus is insufficiently characterized 
from many geographical regions (Schantz et ah, 1995). It is 
Table 2: Strains (genotypes) of £. granulosus categorized by DNA 
analysis with their hosts and geographical distribution. 
Strains 
(genotypes) 
Intermediate 
and aberrant 
hosts 
Definit 
ive 
hosts 
Geographical distribution Current 
taxonomic 
status 
Common 
sheep strain 
(Gl) 
Sheep, Cattle, 
Goats, Buffalo 
Camel ,Pigs, 
Macro pod 
Human 
Dog, 
Fox, 
Dmgo, 
Jackal, 
Hvena 
Tasmanian 
sheep strain 
(G2) 
Sheep, Cattle? 
Human 
Dog, 
Fox 
Buffalo 
strain? 
(G3) 
Buffalo 
(Cattle?) 
Dog, 
Fox? 
Australian mainland, UK, Spain , 
Nev\ Zealand, India, Nepal, 
China, Russia, Tasmania, Ken\a, 
Urugua\', Turkey, Jordan , 
Lebanon ,Italy, Argentina, Brazil, 
Iran 
Australian mainland, Tasmania, 
Jordan, Lebanon, Hollanci, 
Ken\'a, China, Argentina, Spain 
Tasmania, Argentina 
Argentina 
India 
L.graiiiilotiiis 
Sensu stricto 
(G1-G3) 
Horse strain 
(G4) 
Horse and 
other equines 
Dog UK, Ireland, Switzerland, 
Middle East, South Africa 
£. eqiiitiiis 
Cattle strain 
(G5) 
Sheep, Cattle, 
Goat, Buffalo. 
Human 
Dog India, Nepal,, Russian 
Federation, Sri Lanka, Brazil, 
Switzerland, South Africa 
Holland 
Camel strain 
(G6) 
Camel, Cattle 
Sheep, Goats 
Human 
Dog 
Pig strain 
(G7) 
Pigs, Cattle, 
Wild boars. 
Beavers 
Human 
Dog 
Iran, China, Nepal, Argentina, 
Sweden, Somalia, Mauritania, 
Sudan, Ken\ a 
Argentina, Nepal, Iran, 
Mauritania 
Poland, Slovakia, Ukraine, 
Russian Federation , Spain, 
Argentina, 
Poland, Slovakia 
Cervid strain 
(G8) 
Moose, 
Reindeer 
Human 
Wolf, 
Dog 
7 
(G9) 
Human 
Pig? 
Dog 
Fennoscandia 
n cervid 
strain (GIO) 
Moose, 
Reindeer 
Human 
Wolf 
North America, Eurasia 
North America 
Poland 
Poland (develop poorh ] 
Finland, North America, Estonia 
Sweden 
Sweden 
E. ortleppi 
E. 
Canadoisis* 
( G6-G10) 
Data obtained from: Thompson and McManus, 2002; McManus and Thompson, 200^ 
Lavikainen et al, 2006; Thompson et iiL, 2006; *Nakao et al., 2007 
?. Uncertain, further research required. 
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important to determine the geographical distribution and 
uniformity of host adapted genotypes of Echinococcus, so that, 
the formal taxonomic designation can be confirmed, which are 
likely to represent distinct species (Thompson et at, 1995). 
Therefore, there is need to characterize the aetiological agent in 
different endemic areas by using molecular techniques to 
determine transmission patterns particularly where there is 
possibility of interactions between cycles (Thompson et ah, 
1998; Thompson and McManus, 2001; Thompson, 1995). For 
example, in endemic regions where, usually a number of species 
of livestock may be infected with cystic echinococcosis, it is 
important to determine, which species are responsible for 
maintaining life cycle. This provide the basic information for 
implementing targeted control programme. 
In India, buffalo is the most significant intermediate host 
for maintaining the life cycle of E. granulosus (Irshadullah et 
al., 1989b). Previous studies have shown that E. granulosus 
from buffalo differs both in morphology and developmental 
pattern from that of sheep (Gill and Rao, 1967). On the basis of 
published data, Thompson and Lymbery (1988) suggested that 
the buffalo isolate may be similar to that of cattle strain of E. 
granulosus. Molecular genetic studies have now confirmed the 
occurrence of the cattle strain in buffaloes from India but also 
revealed that buffalo may harbour the sheep strain and a unique 
genotype not seen in other intermediate host species (Bowles, et 
at, 1992b; Bowles and McManus, 1993a, b, c). Recently, 
Bhattacharya et at (2007) analyzed the nucleotide sequence 
variation within mitochondrial cytochorme c Oxidase 1 (Coxl), 
NADH dehydrogenase subunit 1 (NADl) and internal transcribed 
spacer gene 1 (ITSl) of buffalo, cattle and sheep isolates, and on 
the basis of Coxl sequence, they suggested that Indian buffalo 
and sheep isolates are homologous to G2 genotype. Limited 
informations are available on the transmission patterns and 
extent of strain variation in E. granulosus from India (Singh et 
al., 1988) which clearly indicate that more studies are required 
to determine whether, there is a distinct form of E. granulosus 
adapted to buffaloes. In Iran sheep is the most common 
intermediate host for E. granulosus (Mobedi and Dalimi, 1994; 
Mehrabani et al., 1999). Human cases were also regularly 
reported from medical centers in different parts of the country 
(Noorjahan, 1987; Bastani and Dehdashti, 1995). However, 
the source of infection to humans and the role of intermediate 
host remain to be determined (Thompson, 2001). The 
occurrence of sheep and camel genotype has been confirmed 
T ) 
from Iran by using morphological and molecular criteria (Zhang 
et al., 1998; Fasihi Harandi et at, 2002 , Ahmadi and Dalimi, 
2006). However, in all the previous studies the importances of 
habitat was ignored and pooled protoscoleces either from 
different cysts of the same host or from different hosts were 
used. However, it was shown, that the protoscoleces of E. 
granulosus, isolated from buffalo liver and lung hydatid c\sts 
show differences in the in vivo developmental pattern, prepatent 
period, and biochemical composition (Irshadullah and Nizami, 
1992, 1997). Besides this, genetic heterogeneity has also been 
reported in the protoscoleces of E. granulosus isolated from 
different cysts of the same host and also from the same host of 
two isolated areas (Lymbery and Thompson, 1988, 1989). 
Keeping these facts in mind, the present study was undertaken 
to characterize the protoscoleces from Indian buffalo (liver and 
lungs) and Iranian sheep, cattle and camel (only liver) origin, by 
using morphological and molecular tools. 
Historical Review 
HISTORICAL REVIEW 
(A) Current status of hydatid disease: 
Hydatid disease is one of the most important parasitic 
zoonosis from medical and veterinary point of view, because 
metacestode infection may cause severe illness and high 
economic losses due to condemnation of affected viscera at the 
slaughterhouses (Scala et at, 2004; Jenkins et ah, 2005). In 
recent years considerable attentions have been paid to find out 
control measures of this disease particularly in Europe, 
Australia and some parts of Africa, but unfortunately little work 
has been carried out in the developing countries. Now this 
disease has developed new dimensions, because of the 
complicated intraspecific variants or strains in the causative 
agent, E. granulosus. It has now been widely accepted that the 
existence of a number of strains in this parasite are the main 
hurdle for designing an integrated and effective control 
programme (Thompson, 1995; Thompson and McManus, 
2001). E.granulosus utilizes a variety of intermediate hosts, but 
dogs are the main definitive host for the perpetuation of life 
cycle. However, some wild canines like dingoes, foxes. Jackals, 
hyenas and occasionally lions were also reported as definitive 
host from different parts of the world (Mobedi et at, 1973; 
Kumaratilake, et al., 1983; Macpherson et at, 1983; 
Thompson and McManus, 2001; Dalimi et al, 2002). 
Therefore, on the basis of susceptibility of various intermediate 
and definitive hosts, different cycles have been proposed from 
various geographical regions and are considered as different 
strain (Thompson and Lymbery, 1990a; Thompson and 
McManus, 2001). Today parasitologists are trying to solve the 
problem of strain variations by employing most modern tools of 
molecular biology. 
Review of available literatures, reveal that hydatidosis is 
quite prevalent in livestock as well as in human beings 
throughout the world (Mattossian et al., 1977, Kumaratilake 
and Thompson, 1984; Thompson and AUsopp, 1988; Schantz 
et al, 1995; Eckert et al, 2001; McManus et al, 2003; 
Eckert and Deplazes, 2004; Juyal et al, 2005). These reports 
indicate that the prevalence of this disease is now increasing and 
spreading to those areas which were previously unaffected or 
have low infection. 
In India, hydatid cysts have been reported from various 
livestock among which buffalo and cattle were found the most 
preferred intermediate host (IrshaduUah et al, 1989b; Parija 
and Sheela Devi, 1999; Chowdhary, 2002; Juyal et al, 
2005). The range of intermediate host species depends on the 
infecting strain of E. granulosus, regional or local differences in 
the availability of various intermediate hosts and some other 
factors (Eckert et al., 2001). The disease is also found quite 
prevalent in different parts of Iran, particularly in those areas 
where offal from slaughterhouses is not properly disposed or 
where slaughtering is done at farms (Mobedi and Dalimi, 1994; 
Mooraki et al., 1996). Various surveys indicated that the 
hydatid cysts were more frequently found in sheep, camels, 
catties and goats throughout the country and sheep is 
considered as the most suitable intermediate host (Mobedi et 
al, 1970; Mobedi and Dalimi, 1994; Mehrabani et al, 1999; 
Moghaddar et al, 1999; Dalimi et al, 2002). Human cases 
have also been observed regularly at medical centers in different 
parts of India and Iran (Irshadullah et al, 1989a; Bastani and 
Dehdashti, 1995; Yousefl et al, 2003; Arbabi and Hooshyar, 
2006), however, the source of infection to humans and the role 
of intermediate host were remained to be determined. 
(B) Taxonomy, speciation and extent of strain variations in 
Echinococcus: 
The taxonomy of the genus Echinococcus has been a 
controversial issue and a matter of sonrte confusion for decades, 
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because of the small number of phenotypic characters and 
inadequate taxonomic description. The current situations have 
been comprehensively reviewed by many workers (Kamaratilake 
and Thompson, 1982; Thompson and Lymbery, 1988; 
Thompson and Allsopp, 1988; Eckert and Thompson, 1988; 
Thompson et al,. 1995; Ranch, 1995; Thompson and 
McManus, 2002). In taxonomic term, the description of many 
species and subspecies of the genus Echinococcus were originally 
based on host - parasite specificity characteristics (see 
references in Nakao et al., 2007). 
During first half of the 20th century a total of 16 species 
and 13 subspecies have been described in the genus 
Echinococcus on the basis of morphological and biological 
features (Kamaratilake and Thompson, 1982), but most of 
these were subsequently invalidated, as they were regarded as 
synonymous (Rausch, 1967), and only four species E. 
granulosus, E. multilucolaris, E. vogeli and E. oligarthrus were 
recognized as valid taxonomically (Rausch and Bernstein, 
1972). All the accepted four species of Echinococcus were 
initially distinguished on the basis of morphological and 
biological features (Thompson, 1995) are now being 
characterized by various molecular techniques as shown in 
r^-'pi'r, 
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Table 1 (Bowles and McManus, 1993a; Bowles et at, 1995; 
Gasser and Chilton, 1995; Eckert and Thompson 1995). The 
status of a fifth species E. cruzi has been in doubt (Raush et at, 
1978; Kumaratilake and Thompson, 1982). Raush et al. 
(1984) compared paratype material of E. cruzi with E. vogeli and 
E. oligarthrus and reported that E.cruzi was synonymous with £. 
oligarthrus. There are many reasons for taxonomic invalidation of 
various species and subspecies but morphological description 
and lack of evidence for geographical or ecological segregation 
were the main reasons. The other reasons for dismissing various 
species and subspecies as taxonomic entities have been 
discussed in details by many workers (Rausch, 1967; Krotove, 
1979; Kamaratilake and Thompson, 1982; Thompson and 
Lymbery, 1988; Thompson et al,. 1995). 
Many of the invalidated texa as well as more recenth' 
described populations from different geographical areas or host 
cycles were referred informally as variants, races or strains 
(Smyth and Smyth, 1964; Ranch, 1967). The term "strain" is 
now commonly accepted to refer to intraspecific variants of 
uncertain taxonomic status (Thompson, 1986) and even 
taxonomically valid subspecies have also been referred as strains 
(reviewed by Ranch, 1986; Thompson and Lymbery, 1988). 
Thus, some of the forms which have now been recognized as 
distinct strains were described many years ago as species or 
subspecies. 
Two models have been proposed to explain the variability 
in E. granulosus. Smyth and Smyth (1964) suggested that 
Echinococcus has such mode of reproduction which favours the 
expression of mutants by which new variants can readily arises. 
Since, the hermaphroditic adult is self fertilizing therefore, if 
mutation occurs it will expressed both in ova and sperm 
resulting in the formation of a homozygote. Thus, from a single 
mutation a large population of genetically identical individuals 
could arise due to asexual reproduction of metacestode. 
Therefore , mutation, self insemination of adult and asexual 
reproduction at larval stage are the main factors responsible for 
the development of variants .This model has been widely used to 
explain the strain variation in E. granulosus ( McManus and 
Smyth, 1979, 1986; Thompson, 1979; Bryant and Flockhart, 
1986; Thompson and Lymbery, 1988). Further, Kamaratilake 
and Thompson (1982) and Kamaratilake et ah (1986) 
suggested that this model is valid for E. granulosus but not for E. 
multilocularis. In contrast to this, Rausch (1967) argued that 
adults are normally cross - fertilizing and the strains arise by the 
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gradual genetic differentiation of E. granulosus populations 
isolated by their association with various domestic host species. 
Practices of animal husbandry may have erected geographical 
and ecological barriers between populations of E. granulosus and 
different domestic intermediate hosts and therefore, they were 
faced different selection pressures. Because of their store of 
genetic variation maintained by cross fertilization, these 
populations responded rapidly to selection, diverged genetically 
and are recognized as different strains (Rauch, 1985; 
Thompson and Lymbery, 1988). 
Smyth (1977) emphasized that the mode of reproduction 
in E. granulosus favours the expression of mutants, and 
therefore, it is hardly surprising that a large number of strains 
have been reported from various parts of the world (Thompson, 
1986; Thompson and Lymbery, 1988, 1990 a, b; Thompson 
et al 1995). The term strain is somewhat confusing and it is 
now commonly accepted to refer to such intraspecific variants of 
uncertain taxonomic status (Thompson, 1986). Initially it was 
regarded that strains are restricted to different hosts species and 
the major criteria of their characterization was only if one strain 
did not develop in the host of other and vice-versa (Smyth, 
1977) but, this may not always holds true (McManus and 
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Smyth, 1986; Cook, 1989). Therefore, various definitions of 
strains have been proposed (reviewed by Thompson and 
Lymbery, 1988). Some parasitologists regarded strains as 
populations of a species which differ in morphological and 
biological features and were characterized by one or more 
biological criteria (Thompson, 1988). Now the term strain is 
used to describe variants that differ from other groups of the 
same species in gene frequencies or DNA sequencing and in one 
or more characters of actual or potential significance to the 
epidemiology and control of hydatid disease (Bowles et al., 
1995; McManus et al, 2003). 
E. granulosus species exists as a series of genetic variants 
or strains which differ in a variety of characteristics (Thompson 
and Lymbery, 1988, 1995; Thompson, 1995; Rosenzvit et 
aZ., 1999). Earlier, strains were characterized on the basis of 
morphological characters, biochemical composition, isozyme 
profiles, developmental patterns and intermediate host 
specificity (see references in Thompson and Lymbery, 1988; 
Irshadullah and Nizami, 1992; 1997), but now they were 
identified by conventional RFLP and PCR-RFLP analysis and 
sequencing of mitochondrial and nuclear genes (McManus and 
Rishi, 1989; Bowles et al, 1992a; Bowles and McManus 
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1993a, c; Fasihi Harandi et aL, 2002 ; Obwaller et al, 2004 ; 
Ahmadi and Dalimi, 2006). Thus, recent genetic studies have 
confirmed the concept of strain diversity in E. granulosus which 
was previously based on morphological and biological feature. 
The strains were generally named after the name of intermediate 
hosts from which the parasite materials were collected, but 
recent genetic analysis have given an additional term genotypes 
for strains (see Thompson and Lymbery, 1995; Thompson 
and McManus, 2001 , 2002; McManus and Thompson, 2003; 
Thompson et ah, 2006; Nakao et ah, 2007). 
The first turning point in our understanding of strain 
variation came in early seventies with the demonstration of 
differences in nutritional requirement between British sheep and 
horse strains by in vitro culture technique (Smyth and Davies, 
1974). After this demonstration, a number of strains have been 
reported from various geographical regions /intermediate hosts 
by using morphological, developmental and biochemical studies 
(reviwed by Thompson, 1986; McManus and Bryant 1986; 
Thompson and Lymbery, 1988, 1995). 
In United Kingdom, two from of E. granulosus have been 
reported, one involves sheep/dog and is geographically localized 
while, the other involves horse/dog and is wide spread 
(Thompson and Smyth, 1975; Thompson, 1977). These two 
populations were initially recognized as two subspecies, 
E. g. granulosus (sheep isolates) and E. granulosus, equinus 
(horse isolates) (Williams and Sweatman, 1963). But, Rauch 
(1967) has invalidated the subspecies E. g. equinus because, it 
occurred sympatrically with the other subspecie E. g. granulosus 
and for convenience they are referred as sheep and horse strain. 
These two strains have been shown to differ in wide spectrum of 
biological and molecular criteria (Smyth, 1977; Thompson and 
Lymbery, 1988; Thompson, 1995; McManus and Thompson, 
2003). Conventional RFLP analysis (McManus and Simpson, 
1985; McManus and Rishi, 1989), PCR- FRLP analysis (Bowles 
and McManus, 1993a) and sequence comparison of the Coxl 
(Bowles et al., 1992a) and NAD 1 genes (Bowles and 
McManus, 1993c) has fully confirmed the difference between, 
but uniformity within, these two forms of E. granulosus. 
Further, by using these approaches it was shown that 
sheep/dog strain is cosmopolitan in distribution and was 
designated as genotype Gl and the horse/dog from is genetically 
similar to that infecting equine in other countries and designated 
as G4 genotype (Thompson et al, 1995; McManus and 
Thompson, 2003). Bowles and McManus (1993a) have 
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reported by rDNA sequences data that there is no evidence of 
gene exchange between these two strains which implies that the 
sheep and horse strain do not interbreed despite the fact that 
they use the same definitive host and occur sympatrically 
(McManus and Thompson, 2003). Thompson (1986) 
speculated that the two populations differ in a range of 
characteristics to such an extent that perhaps consideration 
should be given in the future to propose that the horse strain as 
a separate species {E. equinus?). Recent DNA sequencing data 
indicate that sheep and horse strains are as distinct as the 
accepted species of Echinococcus (Bowles and McManus 1993a), 
suggesting that they may be more appropriately regarded as 
different species (McManus and Bryant, 1995). 
In Australia, three strains have been reported on the basis 
of morphological, biochemical and developmental differences. 
Among these, two domestic strains are primarily perpetuated in 
a typical sheep / dog cycle, one is found throughout the 
mainland, whereas, the other is restricted to Tasmania. The 
third strain is a sylvatic strain involving wallabies and kangaroos 
(Macropod marsupials) as intermediate and dingoes (Canis 
familiaris dingo) as defmitive hosts (Kumaratilake et at, 1983; 
Thompson and Kumaratilake, 1982, 1985; Kumaratilake and 
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Thompson, 1983, 1984 a, b). However, it was shown by 
additional morphological studies, isozyme, conventional RFLP 
and PCR-RFLP analysis and DNA sequencing that only common 
sheep strain (Gl) is present in mainland, and Tasmanian sheep 
strain (G2) in Tasmania (Hobbs et al ., 1990; Lymbery et at, 
1990; Hope et al 1992). Baldock et al (1985) have reported 
that the protein profile of the human isolates were identical to 
that of mainland domestic strain and quite distinct from the 
sylvatic strain and suggested that the sheep strain from the 
Australian mainland may be infective to human beings. 
Similarly, in Kenya an unusually complex strain picture 
exists and the hydatid disease has been considered as major 
public health significance (Nelson, 1986). The prevalence of 
human hydatidosis is very high in Kenya particularly in Turkana 
(northwest) and Maasai (southwest) (Macpherson, 1983). Many 
livestock like cattle, sheep and goats act as intermediate hosts in 
both the regions and camel in Turkana while domestic dogs act 
as definitive hosts. Extensive biochemical studies suggest the 
occurrence of at least three strains, one occurs in man, sheep 
and goats, while second occurs in camel and goats, and the third 
may be peculiar to cattle, although the s tatus of cattle form is 
not confirmed (McManus, 1981; Macpherson and McManus, 
J? 
1982). Further, Macpherson and Smyth (1985) have reported 
by in vitro culture study that various isolates of E. granulosus 
from different hosts of Kenya are closely related and likely to be 
cross infective to each other. However, isozyme, RFLP and PCR-
RFLP analysis of rDNA and sequencing of Cox 1 gene (Bowles at 
ah, 1992a; Wachira et ah, 1993; Bowles and McManus, 
1993a) have confirmed the existence of sheep/dog and 
camel/dog strains in Kenya, and the camel strain was restricted 
to Turkana. In Kenya the sheep strain occurs in sheep, catties, 
goats and man whereas, camel strain infecting camel and 
occasionally goats (McManus and Thompson, 2003). Further, 
on the basis of morphological and molecular studies, it was 
shown that the camel strain was closely related to a form of E. 
granulosus found in pigs from Eastern Europe (Bowles et al, 
1992a; Bowles and McManus, 1993a; Eckert et at, 1993) 
In India (northern region), buffalo has been found as most 
suitable intermediate host for maintaining the life cycle of E. 
granulosus and the infection in sheep and goats was very rare 
with very low fertility rate (IrshaduUah et al.,19S9 b). Gill and 
Rao (1967) investigated the biology and morphology of E. 
granulosus from buffalo/dog origin and reported that this 
material resemble with E. granulosus canadensis as far as 
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number of segment is concerned but differ in the distribution of 
testes, size of mature and gravid segments and the development 
of secondary cysts in albino mice. On the basis of these criteria, 
they pointed out that the material of buffalo/dog origin did not 
appear to fall into definite subspecies pattern but considered it 
as variant or mutant adapted to a different and more suitable 
intermediate host. Pandey (1972) observed that goat/dog 
material was infective to cats but the worms did not attain 
sexual maturity and showed stunted growth. He further pointed 
out that although, goat/dog material was closely related to E. 
granulosus newzealandensis, but did not correspond to any 
subspecies and considered it as a strain or mutant . Irshadullah 
and Nizami (1992, 1997) have reported significant differences 
in the in vivo developmental pattern and biochemical 
composition of protoscoleces isolated from Indian buffalo liver 
and lungs hydatid cyst and suggested that such variations may 
either be due to different strains or infiuence of habitat. 
Previous studies have shown that E. granulosus from 
buffaloes differs in morphology and development from that of 
sheep and on the basis of published data, Thompson and 
Lymbery (1988) suggested that the buffalo strain may be the 
same as cattle strain. Molecular genetic data obtained by PCR-
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RFLP analysis and gene sequencing have confirmed the 
occurrence of cattle strain in buffalo from India and also 
revealed that buffalo may harbour the sheep strain and a unique 
genotype not seen in other intermediate host species (Bowles et 
aL, 1992a; Bowles and McManus, 1993a, b, c). This form 
which we now tentatively designate as buffalo strain is 
genetically very similar to the sheep strain (Thompson et al, 
1995). Thus, Indian buffalo are infected with three distinct 
genotypes which include common sheep strain (Gl), and unique 
genotype that is slightly different from common sheep strain as 
variants or genetically distant but very closely related parasite. 
The third genotype was designated G5 which was quite distinct 
from these two forms but genetically very similar to the well 
characterized Swiss cattle strain ( Thompson et aL, 1984; 
McManus and Thompson, 2003). Recently, Battacharya et al. 
(2007) have reported the occurrence of G2 genotype in buffalo by 
the sequencing of Coxl gene from eastern part of India. 
Cystic echinococcosis is quite prevalent in different 
livestock in Iran (Mobedi et al, 1970; Dalimi et al, 2002). 
Hosseini and Eslami (1998) studied the morphological 
characteristics and developmental patterns of E. granulosus from 
sheep, cattle and camel isolates from Iran, and reported that the 
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sheep and cattle isolates are morphologically similar but show 
significant differences with that of camel isolates. Further, the 
development of camel isolate in dogs was found rapid and the 
morphology of adult was quite different from sheep and cattle. 
On this basis they suggested that all these isolates represent 
different strains. The recent morphological (rostellar hooks of 
protoscoleces) and molecular studies (PCR-RFLP, sequencing of 
Coxl and NADl gene ) carried out on different isolates, collected 
from the patients after surgery, and various livestock (sheep , 
goats ,cattle and camel) from Iran have confirmed the 
occurrence of two distinct and uniform genotypes Gl 
( common sheep strain) and G6 ( camel strain ) ( Zhang et al., 
1998; Fasihi Harandi et al, 2002; Jamali et al, 2004; 
Ahmadi and Dalimi, 2006). 
Similarly as described above, cystic echinococcosis is also 
a significant problem for many other countries where, a large 
number of E. granulosus isolates were characterized by using 
morphological, biochemical and molecular techniques and on the 
basis of these studies existence of different s trains/ genotypes 
have been reported/confirmed. The occurrence and status of 
strains/genotypes in a number of countries have been discussed 
3^ ) 
in details by Thompson and McManus (2002) and McManus 
and Thompson (2003). 
Available literatures also reveal that different strains of 
E. granulosus show variation in their infectivity and prepatent 
period, which are important factors for the development of an 
effective control programme. The epidemiological and 
experimental evidences suggest that the British horse strain is 
not infective to human beings whereas, the sheep strain is 
infective (Nelson, 1972; Thompson and Smyth, 1976; Smyth, 
1977). Similarly, E. granulosus of camel origin was reported to 
be infective to man in Iran (Nasseh and Khadivi, 1975) but not 
in Somalia (Macchioni, 1985). The high prevalence rate of the 
disease in Turkana may be due to relatively high infectivity of 
the local strains to man (Schwabe, 1969; Macpherson, 1983). 
Thus, the different strains show variations in the local pattern 
of transmission and infectivity. 
(C) Current status of E. granulosus strains after DNA 
based identification and case of taxonomic revision: 
The status of different strain of E. granulosus described by 
using various morphological and biological criteria in the past 
and recent genetic analysis by using molecular tools (RFLP, PCR-
RFLP and mitochondrial DNA sequences ) have been reviewed bv 
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many workers (Thompson and Lymbery, 1995; Bowles and 
McManus, 1995; McManus, 2002; Thompson and McManus, 
2001 , 2002; McManus and Thompson, 2003). Molecular 
genetic studies, using mainly PCR-RFLP and mitochondrial DNA 
sequences of Coxl and NADl genes have identified 10 genotypes 
(Gl-GlO) within E. granulosus till today (Bowles et at, 1992a, 
1994; Scott and McManus, 1994; Scott et al, 1997; 
Lavikainen et at, 2003 , 2006; Thompson et al, 2006; Nakao 
et at, 2007). This categorization follows very closely the pattern 
of strain variation emerging based on biological characters 
(Thompson and McManus, 2002). The identified genotypes, 
their hosts and geographical distributions as well as infectivity to 
man are presented in Table 1. The detailed descriptions of these 
strains/genotypes have been made by Thompson et al. (1995), 
Thompson and McManus (2002) and McManus and 
Thompson, (2003). DNA based techniques have shown that a 
particular host may harbour other genotypes which were 
primarily considered as host adapted strains (Thompson and 
McManus, 2 0 0 1 , 2002; McManus and Thompson, 2003). 
The conventional RFLP and PCR-RFLP analysis and 
comparison of the mitochondrial Coxl and NADl genes 
sequences of different strain/genotypes, confirm the uniformity 
within and differences between different genotypes (reviewed by 
Thompson and Lymbery, 1995; McManus and Thompson, 
2003; Nakao et al., 2007). Further, pairwise genetic 
comparison, indicated that some of the strains/genotypes varied 
slightly in gene sequence whereas, some were as distinct as from 
each other as from other species. For example, the sequence of 
the Coxl gene of the Gl genotype (common sheep strain) differed 
from G2 (Tasmanian sheep strain) and G3 (buffalo strain) 
genotypes by 3 bp and 2 bp respectively, while the genotype G4 
(horse strain), G5 (cattle strain) and G8 (cervid strain) are quite 
distinct and the genotypes G6 (camel strain) and G7 (pig strain) 
are closely related. The Coxl sequence of G8 (cervid strain) is 
more similar to those of G1-G3, cluster however, in NADl 
sequence, this strain is more similar to those of G6/G7 strains 
(Lavikainen et ah, 2003). Obwaller et al. (2004) analyzed the 
sequence of mitochondrial genes (Coxl, NADl) of 16 isolates of 
E. granulosus from 4 continents, and reported moderate degree 
of variance (2.2%) within single isolates and a significant degree 
of variance (4.3-15.7%) between the cluster of genotypes G1-G3 
(common sheep, Tasmanian sheep and buffalo strains), 
genotypes G4 (horse strain) and G5 (cattle strain) and the cluster 
of the genotypes G6 (camel strain) and G7 (pig strain). On the 
^ ^ J > i > 
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basis of differences in the clusters between these genotypes, they 
suggested that re-examination of the classification of 5 
genotypes of E. granulosus is needed. 
Further, by the comparison of complete mitochondrial 
nucleotide sequences of the protein encoding genes and of the 
two subunits of rRNA of Gl (sheep strain) and G4 (horse strain) 
genotypes with each other as well as with those of 
E. multilocularis, Teania crassiceps and Hymenolepis diminuta, it 
was reported that both the genotypes differed by 12.4% in their 
nucleotide and 11.67% in their amino acid level sequences, a 
level similar to differences between these two and 
E. multilocularis ( 13 -15% in nucleotide and 11.5-13.5% in 
amino acid sequence) (Le et aL, 2002; Thompson and 
McManus, 2002). Pairwise comparisons of variable genes ATP6 
and NADS obtained from additional genotypes of E. granulosus, 
E. vogeli, E. oligarthrus, again showed the distinction between G1 
and G4 genotypes. Phylogenetic analysis of concatenated ATP6, 
NADl and Coxl genes from E. multilocularis, E. Vogeli and five 
genotypes of E. granulosus and using T. crassiceps an out 
group, yielded the same results (Thompson and McManus, 
2002). These studies and a range of different biological, 
epidemiological and biochemical criteria provide considerable 
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evidence that these two genotypes (Gl and G4) should be 
regarded as distinct species (Le et at, 2002; Thompson and 
McManus, 2002; McManus and Thompson, 2003). 
DNA based techniques have shown that cattle from a 
number of countries are infected with the common sheep strain 
(Gl) of E. granulosus (McManus and Rishi, 1989; Bowles et 
at, 1992b; Bowles and McManus, 1993a) and the cattle is 
accidental host with the resultant cysts rarely fertile (McManus 
and Thompson, 2003), however, the cysts of cattle strain (which 
use cattle as main host) are usually fertile and more developed 
(Thompson et al., 1984). In addition to this, the cattle form of 
E. granulosus differ from other strains in its unique morphology, 
rapid rate of development, biochemistry and pulmonary 
metacestode development in the intermediate host with the 
production of predominantly fertile cysts as compared to other 
strain infecting cattle (Thompson et ah, 1984). High fertility 
rate of the cysts in cattle have also been reported from a number 
of other countries (Thompson and Lymbery, 1988). Genetic 
evidence suggests that the cattle strain certainly occurs in 
Switzerland and India (McManus and Rishi, 1989; Bowles et 
al, 1992a, b; Bowles and McManus, 1993a) and also in 
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Holland, Nepal, South Africa, Sri Lanka and South America 
(McManus and Thompson, 2003). 
By careful phylogenic analysis of the sequence data of 
mitochondrial and nuclear genes, many arguments have been 
proposed in favour of the status of genotypes and in the favour 
of separate species. Therefore, on the basis of morphological, 
biological and genetic differences between different strain 
/genotypes, a taxonomic revision has been proposed in the 
genus Echinococcus to determine the status of sibling or cryptic 
species (Thompson et at, 1995; Thompson, 2002; Thompson 
and McManus, 2002; McManus and Thompson, 2003; 
Obwaller et aZ., 2004; Jenkins et ah, 2005; Lavikainen et at, 
2006; Nakao et al, 2007). 
By using the published sequence data of Bowles et al. 
(1992a) and Bowles and McManus (1993c), Thompson et al. 
(1995) made the phylogenetic trees of OTUS and proposed 
seven putative evolutionary species in the genus Echinococcus 
(Table 3). They considered the genotypes Gl , G2 and G3 as a 
single species E. granulosus sensu stricto, and the pig strain 
is a valid evolutionary species but this taxon has not been 
previously named and therefore, E. granulosus of pig origin could 
be used as the type. For the detailed descriptions of other 
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Tables 3 : Putative evolutionary species in the genus Echinococcus. 
Evolutionary 
species 
Species 1 
Species 2 
Species 3 
Species 4 
Species 5 
Species 6 
Species 7 
Suggested 
taxonomic 
designation 
E.sp.? 
E. ortleppi 
E. equinus 
E. miiltilocularis 
E. vogeli 
E. oligarthrus 
E. granulosus 
Synonyms 
E. granulosus pig strain 
E. granulosus ortleppi 
E. granulosus equinus 
E. sihiricensis 
-
E. pampeanus, 
E. cruzi 
E.patagoniciis, 
E. cepanazoi, 
E. g.granulosus, 
E. g. newzealandensis 
Strains (Genotypes) 
Pig strain (G7) 
Cattle strain (G5) 
Horse strain (G4) 
European strain. 
North American strain. 
Alaskan strain? 
Hokkaido strain? 
-
Common sheep 
strain(Gl), Tasmanian 
sheep strain (G2). 
Buffalo strain (G3) 
Source: Thompson e/a/. (1995). 
46 
evolutionary species, see the review of Thompson et al. (1995). 
Thus, some of the species which have been invalidated earlier 
on the basis of morphological/ ecological ground (Ruach, 1967; 
Kumaratilake and Thompson, 1982) are now again revalidated 
by gene sequencing data (Thompson and Lymbery, 1995). 
In an extensive taxonomic review Thompson and 
McManus (2002) argued that "the morphological, biological and 
genetic differences that separate strains and /or genotypes of 
Echinococcus are sufficient to justify species rank in, at present, 
at least in two form; the horse and cattle strains, which may 
increase the number of recognized species from 4 to 6". They 
further (loc.cit) concluded that camel, pig and cervid forms also 
warrant taxonomic status. Now the status of two genotypes, G4 
(horse strain) and G5 (cattle strain) as separate species have 
been fully accepted (Bowles et al., 1995, Le et al, 2002; 
Thompson and McManus, 2002). Thus, by reviving the names 
of synonyms, E. granulosus has been split into E. granulosus 
sensu stricto (Gl- G3), E. equinus (G4) and E. ortleppi (G5), but 
the species status of genotypes G6 - GIO is still not clear 
(Thompson and McManus, 2003). Most recently a new sibling 
species, E. shiquicus whose adult was morphologically similar to 
E. multilocularis has been found in Tibet (Xiao et al, 2005), 
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which was later considered as sister species (Nakao et al, 
2007) 
Lavikainen et al. (2006) showed by using the multiple loci 
of mitochondrial genes (NADl, ATP6 and Coxl), that the camel 
(G6), pig (G7) and cervid (G8, GIO) strains clustered in a well 
supported monophyletic group and that the cervid strains could 
not be separated out from this. This group differs clearly from 
the common sheep (Gl) and horse strains (G4, E.equinus) and 
closely related to the cattle strain (G5, E. ortleppi) which 
supports the separation of the genotypes G6 - GIO from the 
species E. granulosus sensu stricto. Similarly, by mitochondrial 
gene sequencing, a close relationship between G7 (pig strain) 
and G9 (Polish human strain) and between G8 and GIO (cervid 
strains) have been reported (Scott et at, 1997; Lavikainen et 
al, 2003; Xio et al, 2005; Thompson et al, 2006). Further, 
by morphological similarities of the adult worms (Eckert et al, 
1993), sequencing of mitochondrial genes and phylogenetic 
analysis, a close relationship was reported between cervid, camel 
and pig strains and thereby, it was proposed that these three 
strains may belongs to a single species (Xiao et al, 2005; 
Thompson et al,. 2006; Lavikainen et al, 2006; Nakao et al, 
2007). By recent phylogenetic study using complete 
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mitochondrial genome, it was recommended that in terms of 
priority for nomenclature, E. canadensis is the most suitable for 
genotypes G6 to GIO and E. canadensis and E. ortoleppi are 
regarded as sister species (Nakao et al., 2007). The proposed 
taxonomic designations to various strains/genotypes are shown 
in Table 2. 
(D) Techniques and approaches used to study genetic 
variation in Ehinococcus isolate: 
There is now increasing evidence that Echinococcus 
exhibits substantial genetic diversity (Bowles and McManus, 
1993a), which may have important implications for design and 
development of vaccines, diagnostic reagent and effective drugs 
(McManus and Bryant, 1995). In the past, different methods 
like morphological, developmental, biochemical and isozyme 
analyses have been used to characterize different isolates of £. 
granulosus (reviewed by Thompson and Lymbery, 1988; 
Thompson and McManus, 2002). But the most recent approach 
to differentiate different strains was focus on DNA rather than 
gene products in order to find out genetic variation among 
various isolates. It has been suggested that molecular typing 
methods are very helpful to avoid the problems posed by life-
cycle stage variations and environmentally and host-induced 
modifications (McManus and Bowles, 1996; Bart et al., 2004). 
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Genetic variation in Echinococcus has been investigated by using 
both nuclear and mitochondrial genomes. The nuclear rDNA 
repeat unit has been used extensively to study variation and 
phylogeny in Echinococcus (Bowles et ah, 1995; Kedra et al, 
1999). 
In earlier molecular studies, restriction fragment length 
polymorphism (RFLP) involving conventional Southern blotting 
approach (Southern, 1975) were used to investigate the genetic 
variation in E. granulosus. In this technique, a cloned 2.3 kb E. 
granulosus DNA fragment and a cloned heterologous 
(Schistosoma mansoni) rDNA segment were used as DNA probes 
(Simpson et al., 1984; McManus and Simpson, 1985; 
McManus et al, 1987; Rishi and McManus, 1987). Both of 
these probes were used and proved to be useful to distinguish a 
number of distinct strains of E. granulosus. It was shown by an 
extensive study that the RFLP patterns are stable within a 
particular strain (McManus and Rishi, 1989). The conventional 
RFLP procedure has now been simplified without loss of 
resolution or accuracy by linking RFLP analysis with PCR 
targeting ITS-1 region of nuclear rDNA (Saiki et al., 1985; 
Bowles and McManus, 1993a). This method is now successfully 
used to study the variation in E. granulosus isolates and has 
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now virtually replaced the time consuming cloning method. This 
technique proved reliable and a number of researchers have 
used the technique for the identification of newly collected 
isolates and for the investigation of E. granulosus transmission 
patterns where strains occur sympatrically (Bowles and 
McManus, 1993a; Wachira et ah, 1993; Bowles et ah, 1994; 
Scott et ah, 1997; Rosenzvit et ah, 1999; Snabel et ah, 
2000; Gonzalez et ah, 2002; Fasihi Harandi et ah, 2002; 
Ahmadi and Dalimi, 2006). Thus, the DNA based approaches 
have been very helpful in discriminating species and strains and 
clarify the complex issue of strain variation in E. granulosus. 
DNA analysis also contributed significantly in molecular 
epidemiological studies of cystic echinococcosis (McManus, 
2002; McManus and Thompson, 2003). 
In addition to this, some other techniques like, random 
amplified polymorphic DNA polymerase chain reaction (RAPD-
PCR) (Scott and McManus, 1994), single-strand conformation 
polymorphism (SSCP) (Gasser et ah, 1998a; Zhang et ah, 
1999) and dideoxy fingerprinting (Gasser et ah, 1998b), and 
sequences of mitochondrial genes (Le et ah, 2002; Obwaller et 
ah, 2004) were also used to differentiate species and genetically 
distinct form of E. granulosus. The uses of these techniques have 
been discussed in detail by McManus and Thompson (2003). 
Now a day, sequencing of mitochondrial genes are increasingly 
being used to study the speciation in Echinococcus which 
provided rich sources of data for research in evolutionary' 
biology, population genetic and phylogeny. 
Thompson and Lymbery (1988) have anticipated that the 
application of molecular techniques would provide additional 
data on genetic variation within and between populations of 
Echinococcus. The molecular characterization may provide more 
reliable foundation for determining genetic relationship and for 
establishing acceptable classification for the genus. 
Furthermore, the application of molecular tools to characterize 
different isolates of Echinococcus provide more information for 
better understanding of population genetics, epidemiology and 
taxonomy, as well as proved to be successful in discriminating 
species and strains and confirmed the complexity of genetic 
variation within E. granulosus (McManus and Bowles, 1995; 
Thompson and McManus, 2001 , 2002; McManus, 2002; 
McManus and Thompson, 2003). Molecular analysis of various 
isolates of Echinococcus have provided new data which do not fit 
comfortably with the current subgeneric classification 
The above descriptions of literatures review indicate 
occurrence of a complex strains/genotypes in the E. granulosus 
species which are very significant from the control point of view. 
Further, the recently used molecular tools to study the genetic 
heterogeneity was proved very helpful and many researchers 
have used these techniques successfully to differentiate strains 
of E. granulosus. Therefore, in the present study the ITS 1 regions 
of ribosomal DNA (rDNA) was used to find out the genetic 
similarity/variability in different isolates collected from India and 
Iran. 
Materials and Methods 
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MATERIALS AND METHODS 
The present study was carried out on the parasite materials 
collected from Aligarh (India) and Sari (Iran). Aligarh is located in 
the western part of Uttar Pradesh at a distance of 130 km away 
from Delhi and has a population of a bout 667,732 (Census of 
India, 2001). It extends from 27.88° N latitude to 78.08° E 
longitude with an area of 506,966 square km. It was estimated 
that there are approximately 599,000 buffaloes, 25,800 sheep, 
175,500 goats and 338,200 Pigs (Anon, 1982). These animals are 
slaughtered at separate slaughterhouses, which are managed by 
the Municipal Corporation. 
Sari is located at the Mazandaran province at a distance 
of about 230 km from Tehran, and has a population of about 
568,214. Sari is the provincial capital of Mazandaran located in 
the north of Iran, between the northern slopes of the Alborz 
Mountain and southern coast of Caspian Sea. It extends from 
36.34° N latitude to 53.03° E longitude (Hessami, 2006). The 
sheep, cattle and camel are slaughtered at one slaughterhouse 
which is managed by the Municipal Corporation and veterinary 
organization. 
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Collection and processing of parasite materials: 
The hydatid cysts were collected from liver and lungs of 
naturally infected Indian water buffalo Bubalus bubalis 
slaughtered at Aligarh (India) and from the liver of sheep, cattle 
and camel slaughtered at sari (Iran). The recovered cysts were 
individually labeled and then placed into plastic bags according to 
the host species and brought back to the laboratory for further 
examination. A total 296 hydatid cysts (197 from buffalo, 34 from 
sheep, 40 from cattle, 25 from camel) examined by aspirating 
hydatid fluid from each cyst using a wide bore needle (No. 17-19) 
and hypodermic syringe of large size (10-20 ml) in order to reduce 
the intra cystic fluid pressure. The cysts were opened by using 
scissor and the protoscoleces were collected, rinsed in 
physiological saline to remove the debris and then fixed in 10% 
neutral buffered formalin for morphology and 95% ethanol for 
molecular characterization. 
After isolation the viability of protoscoleces was determined 
by microscopic examination of flam cells activity and eosin 
exclusion test. This test was performed by applying a drop of 0.1% 
aqueous eosin directly to protoscoleces suspended in normal 
saline on microscopic slide. Eosin is not absorbed by viable tissue 
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but non-viable t i ssue absorbs the dye and becomes pink (Plate.2). 
After 5 minu tes , slides were examined and viability was 
determined by counting the n u m b e r of live and dead protoscoleces 
in five separate microscopic fields. Only viable protoscoleces were 
used for morphological and molecular s tudies . 
Morphological s tudies of rostellar hooks: 
After evaluating the viability of protoscoleceSj'^-morpholiogical 
s tudies of rostellar hooks were carried out by the methods as 
described by Kumaratilake and Thompson (1984a) and Hobbs 
et ah (1990) . Earlier, genetic differences have been demonstra ted 
between the protoscoleces from different cysts of the same host 
individual (Lymbery Thompson, 1989) , therefore, in the present 
study, the protoscoleces were collected either from single cyst or 
many cysts from an individual hos ts , which are considered as an 
isolate or sample . The total n u m b e r of isolates and total number 
of hooks m e a s u r e d is shown in Table 4 . In total 116 samples from 
different host species were used for morphological studies. 
Protoscoleces were mounted in polyvinyl lactophenol (R.A. Lamb) 
and sufficient p ressure was applied to the cover-slip to cause the 
hooks to lie flat bu t not damage the hooks. Some of the rostellar 
hooks prepara t ions were also stained by using eosine and 
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Figs.: 
Plate 2: Eosin exclusion test for dead cells. 
A. The stained protoscoleces are dead (Dd) and unstained are live (Li). [lOOx] 
B. Dead protoscolex at higher magniiication. [450x] 
i:tiUJ>A"i> 
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Table 4: Details of sample size of various isolates, used in the 
morphological study. 
Location of 
hydatid cysts 
Buffalo lungs 
(India) 
Buffalo liver 
(India) 
Sheep liver 
(Iran) 
Cattle liver 
(Iran) 
Camel liver 
(Iran) 
Total 
Total No. of 
isolates/ 
samples 
54 
20 
16 
13 
13 
116 
Total No. of 
protoscoleces 
used to count 
the total No. of 
hooks* 
540 
200 
160 
130 
130 
1160 
Total No. of 
large hooks 
measured** 
2700 
1000 
800 
650 
650 
5800 
Total No. of 
small hooks 
measured** 
2700 
1000 
800 
650 
650 
5800 
10 protoscoleces per sample were used. 
* * 5 large and 5 small hooks per rostellum on 10 
protoscoleces per sample were measured. 
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azocarmine dye either alone or in combination with lactophenol. 
Many character is t ics of rostellar hooks, such as total number , 
shape and a r rangement of hooks per protoscolex , total length of 
large (LTL) and small (STL) hooks ,blade length of large (LBL) and 
small (SBL) hooks and ratio of blade length to total length of large 
(LBL/LTL) and small (SBL/STL) hooks were studied . The details 
of m e a s u r e m e n t of hook components are shown in Fig. 3 . Total 
length and blade length of large and small hooks were measured 
according to Sweatman and Williams (1963) . Blade length was 
also expressed as a percentage of total hook length (BL/TL %). In 
the present s tudy 5 large and 5 small hooks per rostellum from 
each of 10 protoscoleces for each isolates were measured , and all 
the hooks were counted in order to avoid subjectivity, whereas, 
Lubinsky (1960) h a s counted only those hooks which were part of 
a large and small pair. All measu remen t s were made on Olympus 
microscope by us ing calibrated ocular micrometer at a 
magnification of lOOOx. 
Statist ical Analysis: 
Statistical analysis of the morphological da t a was based on 
different charac te rs of rostellar hooks of protoscoleces collected 
from various livestock (Buffalo, Sheep, Cattle and Camel). 
\ 
LTL 
r 
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LBL-
LHL-
\ 
^ 
LARGE HOOK 
LTL 
LBL 
LHL 
Large hook total length 
Large hook blade length 
Large hook handle length 
STL 
\ 
SHL-
LBL-
SMALL HOOK 
STL 
SBL 
SHL 
Small hook total length 
Small hook blade length 
Small hook handle length 
Fig 3: Diagrammatic representation of rostellar hooks of the 
protoscoleces showing the measurements taken in the 
Present study. 
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The morphological da ta from each isolate was analysed by using 
Excel and SPSS version 10.0 statistical software packages. The 
da ta from each host origin and geographical regions were 
compared by us ing s tudent ' s t-test and one way ANOVA-test. The 
statistical significance was assessed at P< 0.05 (95% confidence 
interval). 
Photomicrography: 
Photomicrographs of the rostellar hooks were taken with the 
help of Nikon phase contrast microscope (Micro Flex-UFX-Il) 
a t tached with Nikon camera (KRC 2 0 0 / 2 0 1 / 2 0 5 ) us ing 200 ASA 
Kodak colour film. 
Molecular s tudies: 
For molecular s tudies , the protoscoleces from each isolates 
were r insed 3 t imes in sterile phosphate-buffer saline (PBS) (pH, 
7.2) and preserved in 9 5 % ethanol at -20oC. A total of 17 
samples , including 9 and 5 from buffalo lung and liver 
respectively , 2 each from the liver of sheep and cattle and one 
from the liver of camel were examined .The proscoleces were 
rinsed several t imes with sterile distilled water to remove the 
ethanol prior to DNA extraction and amplification. In the present 
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study pooled protoscoleces from different cysts were used which 
was considered as an isolate. 
Extraction of DNA: 
DNA was extracted from frozen ethanol preserved 
protoscoleces by standard extraction procedure of Sambrook et 
at (1989) with some modifications. In the present study Genei 
spin mammalian Genomic DNA prep kit (KT -82) was used for the 
extraction of DNA. About 1 ml packed volume of protoscoleces was 
mechanically grinded in 180 |il lysis buffer by using tissue 
grinder. In the grinded tissue, about 20 fil proteinase K was 
added, mixed thoroughly by vortexing and then incubated at SS^C 
for 1-3 hours. The samples were vortexed several times at 
intervals for better lysis. The RNA was removed by incubating, the 
lysed tissue with 4^1 RNAase A (lOOmg/ml) at room temperature 
for 5 min , then 200}il of lysis buffer 11 was added and after mixing 
thoroughly the mixture was incubated at 70 °C for 10-15 min .The 
samples were centrifuged for 5 min to pellet down the particulate 
matter. To the supernatant, 200 |il of 95% ethanol was added, 
mixed thoroughly and transferred to spin column which was kept 
in a 2 ml collection tube. The details of the protocol followed for 
the extraction of DNA is shown in Fig. 4, A and B. The spin 
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[A] 
About 1ml pooled volume of protoscoleces was mechanically grinded 
in 180 |ul of lysis buffer I by using a tissue grinder. 
In the grinded tissue, 20 \x\ proteinase K was added, mixed thoroughly 
and incubated at 55"C for 1-3 hours. 
Vortexing at intervals for better lysis. 
4 |j.l of RNase A (100 mg/ml) was added, mixed by vortexing 
and incubated at room temperature for 5 min to remove RNA. 
200 )j.l of lysis buffer II was added, mixed thoroughly by vortexing 
and incubated at 70°C for 10-15 min. 
S 
Spin the sample at 10000 rpm for 5 min. 
^ 
Particulate matter discarded. Supernatant 
200 fil of 95% ethanol was added and 
mixed thoroughly by vortexing . 
Ethanol mixture transferred to spin column 
which was kept in a 2 ml collection tube. 
Centrifuged at 10000 rpm for 1 min. 
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^ 
Collection tube was discarded. The spin column was kept in a 
new 
2 ml collection tube and then 
500|j,l of wash Buffer I was 
added. 
Centrifuged at 10000 rpm for 2 min. 
Collection tube along with 
wash buffer discarded. Spin colum was saved and transfererred in 
a new 2mi collection tube to wich 500 ju,l 
of wash buffer II was added and centrifuged 
at 10000 rpm for 3 min. 
Wash fraction discard. 
The empty column was centrifuged at 10000 rpm 
for 3 min to ensure the removal of wash buffer. 
The spin column was placed in a new 1.5 ml tube 
and Incubated at room temperature with 200 \i\ 
of pre warmed elution buffer for 5 min. 
Centrifuged at 1000 rpm for3 min to elute 
DNA and stored at -20°C. 
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[B] 
Flow Chart 
sample 
Digest with Proteinase K ^ 
Bind n 
Wash n 
Elute Genomic DNA fl 
Pure Genomic DNA 
(Ready to use) 
Fig 4: Aand B: Protocol followed for DNA extraction 
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column h a s silica membrane to which the DNA was selectively 
bound however; con taminan t s p a s s away into the collection tube. 
The pure DNA was eluted in Tris-HCl buffer by effective washing 
and stored at -20oC.The pure genomic DNA now ready to use for 
amplification and to analyse restriction fragment length 
polymorphism (RFLP). Before amplification, the concentration of 
DNA was determined by spectrophotometric method and agarose 
gel electrophoresis. Control was also r u n without DNA template. 
Finally, 7 pooled samples (2 each from buffalo lung and liver and 
1 each from sheep, camel and cattle liver) were selected for DNA 
amplification. 
PCR-RFLP analysis: 
PCR- RFLP analysis of the extracted DNA was carried out 
according to the method of Bowles and McManus (1993a) with 
little modifications. The Biocycler Te-S (New Life Company, 
India) was u s e d for PCR amplification. During the PCR, a 
fragment of DNA, defined by oligonuleotide pr imers at either end, 
is amplified several million folds by us ing Taq polymerase, a 
thermostable enzyme (Saiki et at, 1988) . Internal t ranscribed 
spacer 1 (ITSl) was selected as the sequence for PCR amplification 
and those pr imers were used which were designed by Bowles and 
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McManus (1993a) . The PCR reactions were performed by using 
forward BDl(5'-GTCGTAACAAGGTTTCCGTA-3') and reverse 4S 
(5'-TCTAGATGCGTTCGAA(G/A)TGTCGATG-3') oligonucleotide 
pr imers designed by comparing conserved rRNA gene sequence 
from a range of organism (Bowles and McManus , 1993 a). 
When BDl and 4S pr imers are used in amplification reaction, the 
product s p a n s internal t ranscr ibed spacer 1 (ITSl) of the rDNA 
repeat uni t and includes most of the 5.8S gene. 
DNA amplification was performed in a final volume of 50 |il 
containing 5 |ul DNA template (200ng/fil), 10 mM Tris- HCl buffer 
(pH , 9.0), 500 mM KCl, 2.5 mM Mg Cb , 2.5 mM of each dNTP, 24 
pmol of each primer BDl and 4S and 1.5 un i t Taq polymerase in 
reaction buffer. The PCR conditions for each isolates were as 
follows : an initial denatur ing step ( 1 cycle 95oC for 5 min), 
followed by 30 cycles denatura t ion (95^0 for 1 min) , annealing 
(55oC for 1 min), extension (72°C for 1 min) and final extension 
(72oC for 5 min ). After amplification PCR products were 
electrophoresed through 1.5% (w/v) Tris-acetate - EDTA (TAE) 
agarose gels and stained with e th idum bromide to visualize the 
separated DNA bands . 
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The PCR produc ts of each amplification were digested 
separetly for 6-10 hou r s with 4 (Alul, Hhal Mspl, TaqI) and 5 
(EcoRI) base cut t ing restriction endonucleases us ing lOx assay 
buffer a s recommended by the manufac ture r (Genei, 
Bangalore).The sequence at which these restriction enzymes cut 
the DNA molecules are as follows: 
Alul 5' AG/CT 3 ' 
Hhal 5' GCG/C 3' 
MSPI 5' C/CGG 3' 
Taq I 5' T/CGA 3 ' 
EcoRI 5' G/AATTC 3' 
The digestion by all restriction enzymes except Alul was 
performed by incubat ing 15-20|al PCR product with 2 |il assay 
buffer, 2 |il BSA , 7 |il sterile distilled water and 1 |il restriction 
enzymes (8-10 U/ \il) at 37oC for 6 -10 hours . For Alul all above 
chemicals and conditions were used except BSA, which was 
replaced by sterile double distilled water. The DNA fragments were 
separated by electrophoresis through 3 % (w/v) TAE agarose gel 
(Genei, Bioproducts), s tained with e thidium bromide and 
detected on UV transi l luminator and photographed. 
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Agarose gel e lectrophoresis of DNA: 
Agarose gel electrophoresis was performed by using 
horizontal gel casting a p p a r a t u s (Genei, Bangalore). The 
appropriate a m o u n t of u l t ra pure electrophoretic grade agarose 
was dissolved in TAE buffer (pH, 7.8) by heat ing the solution in a 
conical flask. The DNA samples , DNA ladder of known size, 
samples without DNA (negative control) and bromophenol blue dye 
were loaded on to the gel. Electrophoresis was performed at 50-
100 mV (constant voltage) until the dye front was migrated to 1 
cm from the end of the gel. Separated DNA was visualized by 
illumination on a short wave (312 nm) UV light box and 
photographs were taken by using UV gel documenta t ion system 
(Bio imaging system, SynGene). The sizes of PCR products and 
restriction fragments were determined by us ing the s tandard DNA 
marke r s of known base pairs with the help of UVldoc images 
software package. 
Results 
69 
RESULTS 
(I) Locations and conditions of hydatid cysts: 
The basic objective of this study was to determine the 
strains of E. granuolsus from buffalo (India), sheep, cattle and 
camel (Iran) origin by using morphological and molecular tools. 
Buffalo, sheep, cattle and camel were found infected and 
considerable variations were noticed in the intensity and 
frequency of infection. In buffalo, the most preferred site of 
infection was lungs followed, by liver. During the course of the 
present study, no fertile cysts were found in sheep and goats and 
therefore, only buffalo material was used from India. However, 
from Iran the parasite materials were collected from sheep, cattle 
and came in which the liver was found to be the most preferred 
site for cysts development. Concurrent infections of hydatid 
cysts involving different organs were also observed, but single 
organ infection was found to be more common than the 
concurrent infection. The cysts recovered from various livestock 
were unilocular and spherical in shape (plate 1). It was further 
observed that the fertility, sterility and calcification of the cysts 
also vary with the host and habitat (Fig. 5). It is evident from the 
figure, that the total number of sterile cysts was greater than the 
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fertile cysts in buffalo and cattle, whereas, in sheep and camel, 
the number of fertile cysts was greater than sterile cysts. In 
buffalo, maximum number of fertile cysts was found in the lungs 
as compared to the liver. The mean percent viability of 
protoscoleces isolated from different animals/organs varied and 
maximum value was recorded for protoscoleces isolated from 
hydatid cysts of buffalo lungs and sheep liver (Table 5). 
(II) Morphological characteristics of larval (protoscoleces) 
hooks: 
The morphological studies were carried out on the rostellar 
hooks of protoscoleces isolated from liver and lungs of naturally 
infected buffalo (Aligarh, India) and from liver of sheep, cattle 
and camel (Sari, Iran). Morphological characteristics of larval 
(protoscoleces) hooks were analyzed in 54 samples from buffalo 
lungs, 20 samples from buffalo liver, 16 samples from sheep 
liver, 13 samples each from cattle and camel liver. In total 10 
protoscoleces per sample were used to count the total number 
of hooks and thus totally 1,160 parasites were examined from 
five animals including 200 from buffalo liver, 540 from buffalo 
lungs, 160 from sheep liver and 130 each from cattle and camel 
liver. In this study only complete row of hooks were measured, 
whereas, incomplete row of hooks were not measured 
as discussed by Sweatman and Williams, (1963). Various 
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Table 5: Percent mean viability of protoscoleces isolated from 
various livestock. 
Origin of protoscoleces 
(hosts/habitats) 
Buffalo lungs 
Buffalo liver 
Sheep liver 
Cattle liver 
Camel liver 
Percent 
mean viability 
76.0 
65.5 
76.9 
49.3 
57.8 
Std. deviation 
(±SD) 
29.4 ' 
26.6 
28.9 
36.2 
37.3 
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morphological parameters have been selected in the present 
study and the obtained results are presented below. 
(A) Total number of hooks: 
It was observed that the protoscoleces from different 
hosts ' origin have different number of rostellar hooks. The mean 
total number of hooks (large and small) were observed as 36 (32-
42), 34 (28-38), 34 (28-42), 33 (28-42) and 34 (30-42) in the 
parasite materials isolated from the hydatid cysts of buffalo liver 
and lungs, sheep, cattle and camel liver respectively (Tables 6 
and 7). This result indicate that the total number of hooks in 
protoscoleces of buffalo lung, sheep, cattle and camel liver origin 
was almost same whereas, buffalo liver isolates have more 
number of hooks as compared to other isolates. Statistical 
analysis revealed insignificant differences between the total 
number of hooks of protoscoleces isolated from various animals 
when compared together (Table 8), but when the number of 
hooks was compared individually then significant differences 
were found only between buffalo liver and lung isolates 
(Table 9). The hooks of all isolates were found to have smooth 
outline (Plates 3 and 4). 
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Table 6: Characteristics of rostellar hooks of protoscoleces isolated 
from hydatid cysts of liver and lungs of buffalo, slaughtered 
at Aligarh, India. 
Characters 
Total number 
of hooks 
Shape of hooks 
Arrangement 
ofhooks 
Large Hooks : 
Total length 
(LTL) 
Blade length 
(LBL) 
LBL/LTL % 
Small Hooks : 
Total length 
(STL) 
Blade length 
(SBL) 
SBL/STL % 
Parasite material (mean ± SD) 
Buffalo liver origin 
36 ±3.06 
(32-42) 
Smooth outline 
Regular type A: 
Large and small hooks 
alternate 
Irregular: 
Type B: Paired small hook 
between two large hooks 
Type C: Paired large hooks 
between two small hooks 
25.85±2.41 
(23.50-30.08) 
13.48 ±1.23 
(11.28-15.04) 
52.34± 5.54 
(43 - 60) 
21.19±1.73 
(18.80-23.50) 
9.02 ± 1.30 
(7.52-11.28) 
42.53 ±3.62 
(37-48) 
Buffalo lungs origin 
34 ±2.62 
(28-38) 
Smooth outline 
Regular type A: 
Large and small hooks 
alternate 
Irregular: 
Type B: Paired small 
hook between two large 
hooks 
Type C: Paired large 
hooks between two small 
hooks 
28.09± 1.19 
(25.38-30.08) 
13.76 ±0.89 
(11.28-14.10) 
49.08 ±2.07 
(44 -53 ) 
23.77 ±0.84 
(21.62-25.38) 
9.85 ± 0.81 
(9.40-11.28) 
41.43 ±2.97 
(37-48) 
Values in parenthesis show the range. 
k\\ measurements are in pm. 
75 
Table 7: Characteristics of rostellar liooks of protoscoieces isolated 
from liver hydatid cysts of various animals, slaughtered at 
Sari, Iran. 
Characters 
Total number of 
hooks 
Shape of hooks 
Arrangement of 
Hooks 
Large Hooks : 
Total length 
(LTL) 
Blade length 
(LBL) 
LBL/LTL % 
Small Hooks : 
Total length 
(STL) 
Blade length 
(SBL) 
SBL/STL % 
Parasite material (mean ± SD) 
Sheep liver 
origin 
34± 3.59 
(28-42) 
Smooth outline 
Regular: Large and 
small hooks alternate 
25.96 ± 1.53 
(23.50-28.20 ) 
13.39± 1.21 
(11.28-15.04) 
51.53±3.44 
(44 -57) 
22.38 ±1.79 
(18.80-23.50) 
9.40 ±1.53 
(7.52-11.28) 
42.75 ±7.11 
(36-48) 
Cattle liver 
origin 
33±3.77 
(28-42) 
Smooth outline 
Regular: Large 
and small hooks 
alternate 
25.45±1.77 
(23.50-28.20) 
13.16± 1.21 
(11.28-15.98) 
51.23 ±3.65 
(46 -57 ) 
21.54± 1.89 
(18.80-23.50) 
9.68 ±1.50 
(7.52-1L28) 
44.71 ±3.24 
( 40 - 48 ) 
Camel liver 
origin 
34±3.28 
(30-42) 
Smooth outline 
Regular: Large 
and small hooks 
alternate 
26.97 ± 1.64 
(25.38-30.08) 
13.30± 1.42 
(11.28-15.98) 
48.22 ±3.65 
(43-57) 
21.98 ±2.08 
(18.80-23.50) 
9.61 ± 1.99 
(7.52-12.22) 
43.44± 5.99 
( 3 6 - 5 2 ) 
Values in parenthesis show the range. 
All measurements are in |am. 
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lOOx lOOx 
Plate 3: Photomicrographs of rostellar hooks of protoscoleces 
isolated from hydatid cysts of liver (A,B and C) and lungs 
(D,£ and F) of buffalo, showing the number and shape of 
Figs.: 
AandC 
B 
D 
F 
Prepared in lactophenol. 
Prepared in eosin. 
Prepared in azocarmine. 
Prepared in combination with lactophenol 
and azocarmine. 
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Plate 4: Photomicrographs of rostellar hooks of protoscoleces 
isolated from hydatid cysts of sheep (A and B), cattle (C and 
D) and camel (£ and F) showing the number and shape of 
hooks. (lOOx) 
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(B) Arrangement of hooks: 
It was observed that majority of scolices of all isolates have 
two rows of hooks with alternate arrangement of large and small 
hooks and therefore, the number of large and small hooks are 
equal, which was designated as regular. The sheep, cattle and 
camel isolates have only regular arrangement (Table 7, Plate 5), 
whereas, about 25% protoscoleces of buffalo origin have uneven 
arrangement and thereby different number of large and small 
hooks, which was designated as irregular. Thus, the 
arrangement of hooks on the rostellum of protoscoleces of 
buffalo origin was divided into regular (Type A) and irregular 
(Type B and Type C). The irregular type have either paired small 
hooks in between two large hooks (Type B) or paired large hooks 
in between two small hooks (Type C) (Table 6, Plates 6, 7, 8). 
In case of paired large hooks, the space between the two hooks is 
usually the same as the space found normally between the large 
and small hooks, whereas, when small hooks are paired they are 
usually closer together than normal. Further, variations in the 
total length, blade length, handle length and curvature of blades 
of hooks were observed among different groups (Plate 9). The 
hooks of protoscoleces belonging to group A and B of liver 
isolates have shorter, sharp and curved blades as compared to 
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Plate 5: Photomicrographs of rostellar hooks of protoscoleces 
isolated from liver hydatid cysts of sheep (A and B), cattle (C 
and D) and camel (E and F) showing regular arrangement of 
Hooks. (lOOOx) 
Note the alternate regular arrangement of large (L) and small (S) hooks. 
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Plate 6: Photomicrographs of rostellar hooks of protoscoleces 
isolated from liver hydatid cysts of buffalo showing 
arrangement of hooks. 
Figs 
A, B and C 
A, C, E and F 
B 
D 
Regular (T '^pe A): Large (L) and small (S) 
hooks alternate. 
Irregular (Type B):Paired small hooks(S) 
between two large (L) hooks. 
Irregular (Type C): Paired large (L) hooks 
between two small (S) hooks. 
Individual large (L) and small (S) hooks. 
Prepared in lactophenol. 
Prepared in azocarmine. 
Prepared in eosin. 
(lOOOx) 
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Plate?: Photomicrographs of rostellar hooks of protoscoleces 
isolated from lungs hydatid cysts of buffalo showing 
arrangement of hooks. 
Figs.: 
A, B, C and D: Regular (Type A): Large (L) and small (S) 
hooks alternate. 
E and F Irregular (Type C): Paired large (L) hooks 
between two small (S) hooks. 
(lOOOx) 
AandD 
BandE 
CandF 
Prepared in azocarmine 
Prepared in eosin 
Prepared in lactophenol 
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Plate 8: Photomicrographs and line drawings of rostellar hooks of 
protoscoleces isolated from hydatid cysts of buffalo 
showing arrangement of hooks. 
Figs.: 
A 
B 
C 
Regular (Type A): Large (L) and small (S) hooks alternate 
Prepared in azocarmine. 
Irregular (Type B): Paired small hooks(S) 
between two large (L) hooks prepared in eosin. 
Irregular (Type C): Paired large (L) hooks 
between two small (S) hooks, prepared in lactophenol. 
(lOOx) 
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Plate 9: Morphology of rostellar hooks of buffalo liver (I) and 
lungs (II) isolates, drawn with the help of Camera Lucida. 
Note the differences in shapes and sizes of blades and handles of large 
(L) and small hooks among different groups (A, B and C) of the same and 
between two (I and II) isoaltes. 
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group C (Plate 9, I), however, all the three groups of lungs 
isolates show slight differences in these characters (Plate 9, II). 
(C) Size of hooks: 
The measurement of hooks was done on 10 protoscoleces 
per sample and 5 large and 5 small hooks per protoscoleces 
(rostellum) were measured. The mean total length of large (LTL) 
and small hooks (STL) of all studied isolates show variation with 
each other, and the hooks of buffalo lungs isolates were found 
larger than other isolates (Table 6 and 7, Fig. 6). Statistical 
analysis of the data revealed significant differences in the size of 
large and small hooks among various isolates with different P 
value (Table 9). The total length of large (LTL) and small hooks 
(STL) of buffalo lung isolates were found significantly higher than 
that of buffalo, sheep and cattle liver isolates. Similarly, the size 
of only large hooks (LTL) of camel isolates was significantly 
higher than buffalo, sheep and cattle liver isolates, whereas, the 
size of small hooks (STL) of all isolates was found almost similar 
(insignificant differences) except, between buffalo lung and camel 
isolate, where the differences in the size of small hooks were 
found significant (Table 9). 
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(D) Blade length, handle length and ratio of blade length to 
total length: 
Comparison of the blade length of large (LBL) and small 
hooks (SBL) reveal that the sizes of blades in all the studied 
isolates were almost similar with few exceptions. The blade size 
of small and large hooks of buffalo lung isolates was found 
slightly larger than other isolates (Fig. 7). Further, slight 
variations in the shape and size of blade and handle were 
observed among sheep, cattle and camel isolates. The blade 
length of sheep isolate was higher than cattle and camel isolates 
(Table 8, Plate 10). Statistical analysis reveals significant 
differences between buffalo lung/cattle liver for LBL, and buffalo 
lung / buffalo liver for SBL (Table 9). The handle length of the 
hooks was also calculated by subtracting the blade length from 
total hook length and the results are presented in Fig. 8. 
Statistically significant differences were noticed in the handle 
length among various isolates, except between buffalo 
liver/sheep and cattle liver, and sheep liver /cattle liver isolates 
(Table 9). The ratio of blade length to total length of large 
(LBL/LTL %) and small hooks (SBL/STL %) of all studied isolates 
show variation with each other (Fig. 9). Maximum value for 
LBL/LTL % was observed in the buffalo liver (52.34%) and 
minimum in camel isolates (48.22%), whereas, for SBL / STL %, 
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Plate 10: Morphology of hooks of sheep(I), cattle (II) and camel (III) 
isolates, drawn with the help of Camera Lucida. 
Note the differences in shapes and sizes of blac cs and handles of large (L) and 
small (S) hooks among these isolates. 
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maximum value was found for cattle (44.71%) and minimum for 
buffalo lungs (41.43%) isolates (Table 8). Comparison of the 
ratio of blade length to total length indicate that LBL/LTL% ratio 
varied significantly in most of the cases, whereas, SBL/STL% 
varied significantly only in between buffalo lungs and cattle liver 
isolates (Table 9). 
It can be concluded from the above results that the 
protoscoleces isolated from hydatid cysts of buffalo lungs are 
quite distinct from the protoscoleces of buffalo, sheep and cattle 
liver origin, whereas, the buffalo liver isolates show similarity 
with sheep and cattle isolates in many morphological characters. 
Further, the protoscoleces of camel origin also differ from buffalo 
(liver and lungs), sheep and cattle isolates in only few 
morphological characters whereas, sheep isolates were found 
morphologically similar to that of buffalo liver and cattle isolates. 
(Ill) Molecular study: 
The extracted DNA was characterized by agarose gel 
electrophoresis and the obtained results are shown in Fig. 10, 
which indicate uniformity in the DNA among various isolates. In 
total 7 pooled E, granulosus genomic DNA samples (2 from 
buffalo lung, 2 from buffalo liver, 1 each from cattle, camel and 
sheep liver) were used for amplification and PCR-RFLP analysis. 
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Fig. 10: Extracted DNA from protoscoleces of different 
isolates showing uniformity. 
Bl : Buffalo lungs, B2: Buffalo liver 
C: Cattle liver Sh: Sheep liver 
Ca: Camel liver N: Without DNA ^ ^ ^ 
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(A) PCR Amplification of ITS 1 region of rDNA: 
The ITSl region of extracted DNA samples was amplified by 
polymerase chain reaction (PCR). After electrophoresis the 
amplified products were studied under UV and the obtained 
results reveal different banding patterns in different isolates of E. 
granulosus (Fig. 11). It is evident from the figure that all studied 
isolates have different fragments of different sizes. In total 2 and 
4 ITSl fragments were observed in the first (Fig. 11, A) and 
second sample (Fig. 1 1 , B) of buffalo lung isolates among which, 
one band was present above 1.0 kb and the remaining bands 
were below 1.0 kb. However, in buffalo liver isolates two and one 
ITSl fragments of different sizes (kb) were observed in the first 
and second samples respectively, whose base pairs were almost 
similar with each other (Fig. 11, A, B). 
(B) PCR - RFLP analysis of the nuclear rDNA, ITSl region: 
Restriction fragment length polymorphism was done on the 
PCR amplified ITSl region of buffalo, sheep, cattle and camel 
isolates. Amplified ITSl products were separately digested by 
various restriction endonucleases like Taql, Mspl, Hhal, Alul 
and EcoRl and the obtained patterns are shown in Figs. 12-15. 
It was noticed that different restriction enzymes produce 
different and distinct banding patterns in each isolates. Taql 
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lOOObi 
800 bp 
600 bp 
400 bi 
Bl : Buffalo lungs (1.1 kb and 0.9 kb) 
B2 : Buffalo liver (1.07 kb and 0.9 kb) 
C : Cattle liver (1.08 kb) 
Sh : Sheep liver (1.0 kb and 0.9 kb) 
Ca : Camel liver (1.0 kb and 0.85 kb) 
N : Negative control (without DNA 
Template) 
L : DNA ladder 
Bl : Buffalo lungs (1.14 kb, 
0.83 kb, 0.570 kb and 0.464 kb) 
B2 : Buffalo liver (1.14 kb) 
N : Negative control (without DNA 
Template) 
L : DNAladder 
Fig. 11: Patterns of PCR amplified rDNA-ITSI region of various 
isolates ofE. granulosus. 
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Taql Hhal 
10.0 kb 
1.0 kb 
Fig.l2: RFLP fragments of different isolates of £. granulosus. PCR 
amplified ITSl products were digested with Taq 1 and Hhal 
Bl: Buffalo lungs, B2: Buffalo liver, C: Control, 
L: DNA ladder 
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Taql Mspl 
10.0 kl> 
1.0 kb 
10.0 kb 
1.0 kb 
Fig. 13: RFLP fragments of various isolates of E. granulosus. 
amplified ITSl products were digested with Taql and Mspl: 
B2: Buffalo liver, Sh: Sheep liver, C: Cattle, Ca: Camel liver 
N: Control, LI and L2: DNA ladder 
PCR 
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Mspl EcoRl 
I 1 I I 
10.0 kb 
1.0 kb 
Fig.l4: RFLP fragments of various isolates of E. granulosus. 
PCR amplified ITSl products were digested with Mspl and 
EcoRl: 
Bl: Buffalo lungs, B2: Buffalo liver, C: Control, L: DNA ladder 
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Bl B2 Sh Ca IF 
1.0 kb 
0.8 kb 
0.7 kb 
0.6 kb 
0.5 kb 
0.4 kb 
0.3 kb 
Fig. 15: RFLP fragments of various isolates of E. granulosus. PCR-amplified 
ITSl products were digested with Alul: 
Bl: Buffalo lungs, B2: Buffalo liver, Sh: Sheep liver, C: Cattle, 
Ca: Camel liver, N: control 
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cattle isolates by EcoRl (Table 10). Comparison of the results 
obtained with Mspl digestion, reveal that buffalo, sheep and 
camel isolates show similarity in the number and sizes of larger 
fragments with the exception of one fragment in sheep and camel 
isolates. The sheep and camel isolates differ from buffalo liver 
and lung isolates in having a 0.9 kb fragment (Table 10). The 
restriction enzyme Alul cut the PCR products of all isolates into 
6 fragments of identical sizes (Fig. 15, Table 10), which indicate 
that all isolates show homology in DNA, as far as particular base 
sequences are concerned. 
It can be concluded from above results that the buffalo 
lung and liver isolates show minor variations in the relative 
intensity of some bands, but 4 and 2 clear bands were observed 
in lungs and liver isolates respectively with both Taql and Hhal 
restriction enzymes . In addition to this, 3 bands each with Mspl 
and EcoRl, while, 6 bands with Alul were also distinguished in 
both the isolates. In total, 2 clear bands in sheep and 1 in camel 
isolates with Taql, 4 bands in sheep and camel isolates with 
Mspl and 6 bands in sheep, cattle and camel isolates with Alul 
were distinguished. Thus, the buffalo lung isolates differ from 
liver isolates in the banding pattern with Taql and Hhal, but 
show similarity with Mspl, EcoRl and Alul. Further, differences 
and Hhal restriction enzymes cut the ITSl PCR products of 
different isolates into different fragments as shown in Figs. 12 
and 13, which have variable base pairs (Table 10). Taql enzyme 
produces 4 bands in the buffalo lung, 2 in buffalo liver (Fig. 12), 
2 in sheep and 1 in camel isolates (Fig. 13). Comparisons of the 
patterns, obtained by Taql enzyme reveal that the 0.5 kb 
fragment was common in buffalo lung, liver and sheep isolates, 
whereas, absent in the camel isolate (Table 10). Two fragments, 
0.9 kb and 0.4 kb in buffalo lung and 0.8 kb fragment in sheep 
isolates were found unique. No bands were observed in the cattle 
isolate by Taql restriction enzyme (Fig. 13, Table 10). Similarly, 
Hhal breaks the PCR products of buffalo lung isolates into 4 
fragments (0.7 kb, 0.5 kb, 0.4 kb and 0.3 kb) and buffalo liver 
isolates into 2 fragments (0.7 kb, 0.5 kb) among which, two 
bands in lung isolates were found distinct from that of liver 
isolates , however, no bands were observed in other isolates with 
this enzyme (Table 10). 
The restriction enzymes, Mspl and EcoRl produce three 
clear and three faint bands of similar base pair in buffalo liver 
and lung isolates. Although, 4 similar bands were found in sheep 
and camel isolates by Mspl (Fig. 14) but no band was obtained 
in cattle isolates by Mspl (Fig. 13), and in sheep, camel and 
105 
in the numbers and sizes of the bands were also observed 
between buffalo, sheep and camel isolates with Taql and Mspl. 
The sheep and camel isolates show similarity in the number and 
size of fragments with Mspl and differ with Taql. 
Discussion 
106 
DISCUSSION 
(A) Locations and conditions of hydatid cysts: 
The results of various surveys carried out in different 
parts of India and Iran indicated the presence of hydatid cysts 
in several species of domestic animals, but buffalo and cattle in 
India (IrshaduUah and Nizami, 1989b; Juyal et al, 2005), 
whereas, sheep and camel in Iran (Oryan et at, 1994; 
Mehrabani et al, 1995; Dalimi et al, 2002; Ahmadi, 2004) 
are considered as the most suitable intermediate hosts. There is 
possibility of interaction between cycles of transmission in 
these regions and the livestock other than buffalo (India) and 
sheep (Iran) may be accidental intermediate hosts, as it was 
shown that a particular strain/genotype can infect a number of 
intermediate host species (Schantz et al, 1995; Thompson et 
al, 1995; McManus and Thompson, 2003). In the present 
study maximum cysts were recovered from lungs than liver of 
Indian buffalo and the fertility rate of pulmonary cysts was 
found higher than hepatic cysts, whereas, sheep and goats have 
very low prevalence rate and none of the cysts from these 
animals were found fertile. Similar results have also been 
reported earlier by IrshaduUah and Nizami (1989b). The 
fertility of the cysts was found higher in sheep than camel and 
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cattle from Iran, which is in agreement to those reported earlier 
by Hosseini and Eslami (1998). Similarly, many workers have 
also reported high fertility of the cysts in sheep than cattle from 
various geographical regions, and lungs are the main sites for 
cyst development with high fertility rate than hepatic cysts 
(Dueger and Gilman, 2001; Mwambete et al., 2004; Scala et 
al., 2005), whereas, in some areas liver infection was found 
more than lungs (Tashani et al., 2002; Guarnera et al., 
2004). High fertility rate of the pulmonary cyst could be 
correlated with the physiological conditions of the habitats, as 
lungs provide better physiological condition for metacestode 
development than liver (Almeida et al., 2007). These authors 
(loc.cit.) suggested that in the analyses of habitat selection by 
parasites, anatomical location, physiological and biochemical 
condition should be argued as determinants of site localization. 
The pulmonary cysts have some etiological significance because 
lungs are not consumed by man and invariably thrown thereby, 
freely available to dogs. 
(B) Morphological studies: 
Morphology has widely been used as the main criterion in 
the studies of taxonomy and speciation of the genus 
Echinococcus (Kumaratilake and Thompson, 1982), and on 
108 
the basis of morphological differences a number of strains have 
been reported in E. granulosus from different hosts/ 
geographical regions (Thompson et al., 1984; Kumaratilake 
and Thompson, 1984a; Kumaratilake et al., 1986; 
Thompson and Lymbery, 1990b). However, there has been 
much disagreement over the value of morphology in 
characterizing species and intraspecific variants of 
Echinococcus due to a number of factors (Thompson and 
Lymbery, 1988). Morphology has often been used as sole 
criterion to differentiate the parasite materials and emphasis 
was placed on minor morphological differences and without 
considering the possibility of host induced morphological 
variation (Rausch, 1967). Hobbs et al. f l990) suggested that 
rostellar hook traits of protoscoleces may be directly influenced 
by the intermediate host in which they develop and also found 
that the larval hook outline remain visible within the adult 
hook and remain unchanged by passing through the definitive 
host. Furthermore, the number and choice of morphological 
characters examined has varied between different workers and 
in many cases only a limited number of specimens have been 
examined (Sweatman and Williams, 1963, Verster, 1965). 
Lubinsky (1960) found a high degree of variability between 
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isolates and suggested the need for the examination of larger 
number of the protoscoleces. In order to overcome the 
limitations of previous studies, comparatively larger number of 
samples/ isolates (pooled from single or many cysts from an 
individual host) from each host species was used in the present 
study as used by Hobbs et al. (1990). In earlier studies pooled 
protoscolces from different cysts of different host individuals 
were used (Thompson et al., 1984), however, some workers 
considered each individual cysts as a sample or isolates and the 
cysts were never pooled (Ponce Gordo and Couesta Bandera, 
1997; Almeida et al, 2007). 
Although, the usefulness of morphology as the sole 
criterion for differentiation of strain of E. granulosus has been 
questioned (Thompson and Lymbery, 1988; Hobbs et al., 
1990), it is still considered as most important tool for 
identification and taxonomy (McManus and Bowles, 1996), 
and has been used by many workers either alone (Eckert et 
at, 1989; Ponce Gordo and Couesta Bandera, 1997; 
Hosseini and Eslami, 1998; Ahmadi, 2004) or together with 
molecular tools (Pasihi Harandi et al., 2002 , Ahmadi and 
Dalimi, 2006; Thompson et al., 2006) for the characterization 
of strains. The morphological criteria of strain identification are 
no 
comparatively quick and cheap for those workers who are 
working in the field of epidemiology. In this regard the number 
and length of rostellar hooks have been used as important 
criteria (Rausch et al., 1978; Kumaratilake et ah, 1986; 
Eckert et ah, 1989, 1993; Ponce Gordo and Cuesta 
Bandera, 1997). Further, it was pointed out by Thompson and 
Lymbery (1988) that if morphological studies are validated by 
the results obtained with other criteria they may produce 
effective diagnostic markers for identifying strains. Therefore, in 
the present study both morphological and molecular criteria 
were used to characterize the parasite samples from different 
intermediate host species as also used earlier by many workers. 
Although, for determining the reliability of the data 
obtained, a minimum sample size is needed but this has not 
always been done. In many morphological studies carried out 
on E. granulosus, the number of parasites analyzed and the 
number of hooks per protoscolex measured have not been 
determined on a statistical basis (Lubinsky, 1962; Sweatman 
and Williams, 1963; Verster, 1965; Pandey, 1972). The first 
study on the morphology of E. granulosus where, the sample 
size was determined for achieving reliable result was that of 
Thompson et ah ^1984). They used large number of samples 
I l l 
(Table 11) and specimens from each host to study the 
morphology of E. granulosus. Since then, their criteria have 
been used by many workers to study the morphological 
variations in this parasite (Kumaratilake and Thompson, 
1984a; Kumaratilake et al, 1986; Said et oL, 1988; Eckert 
et ah, 1989, 1993; Worbes et at, 1989). These workers used 
30 and 10 protoscoleces from each host /sample for counting 
the total number and measurement of hooks respectively. 
Usually 2 large and 2 small hooks per rostellum were used for 
morphometric measurement (Kumaratilake and Thompson, 
1984a; Kumaratilake et al, 1986; Eckert et al, 1989, 
1993; Worbes et al, 1989; Fasihi Harandi et al, 2002). 
Ponce Gordo and Cuesta Bandera (1997) used 30 
protoscoleces from each sample (number of samples are 
presented in(Table 11) to count the total number of hooks and 
4 large and 4 small hooks per rostellum on 10 protoscoleces per 
samples were measured. Hobbs et al ^1990) and Ahmadi and 
Dalimi (2006) measured 3 large and 3 small hook per 
rostellum on 6 protoscoleces per sample. Sweatman and 
Williams (1963) measured 5 large and 5 small hooks. In the 
present study 10 protoscoleces per sample were used to count 
the total number of hooks and 5 large and 5 small hooks per 
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rostellum on 10 protoscoleces per sample were measured 
(Table 4). Comparison of the numbers of specimens used in the 
present study to those carried out previously (Table 11) 
indicate that the number of specimen used in the present study 
is large enough to reduce the importance of extreme value on 
the calculated sample mean, as suggested by Ponce Gordo and 
Cuesta Bandera (1997) even on the basis of using less number 
of hooks for measurement. . 
In general 4 - 5 variables were used to analyze 
morphometric data from larva hooks (Kumaratilake and 
Thompson, 1984a; Thompson et at, 1984; Ponce Gordo and 
Cuesta Bandera 1997; Hosseini and Eslami, 1998). Almeida 
et al. (2007) used 13 hooks characters to differentiate the 
parasite population from different host species and suggested 
that morphology is a valid criterion for differentiation of 
parasite sample. In the present study all those variables were 
selected which was used by Thompson et al. ^1984) and 
Kumaratilake and Thompson (1984a). 
The findings of the present study indicate a high degree of 
phenotypic variation among various analyzed morphometric 
characters, which is similar to those reported from other 
geographical areas (Thompson and Lymbery, 1988; Eckert 
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and Thompson, 1997; Ponce Gordo and Cuesta Bandera, 
1997; Almeida et al., 2007). It has now been well recognized 
that E. granulosus exhibits a high degree of genetic divergence 
with differences in morphology (Eckert and Thompson, 1997; 
McManus and Thompson, 2003; Jenkins et al., 2005). 
Similarly, morphological variability with genetic homogeneity in 
E. granulosus was also reported from Australian mainland 
(Kumaratilake and Thompson, 1984a; Lymbery and 
Thompson, 1988) and from pigs in Slovak Republic 
(Turcekova et al., 2003). The Phenotype of a living organism is 
an extremely complex dynamical system which results on 
interactions between two highly complex genomes represented 
by parasites and hosts, thereby phenotypic and genotypic 
variation within the populations are expected (Valero et at, 
2001; Almeida et al., 2007). Phenotypic and genotypic 
variations have largely been observed in E. granulosus from 
different species of intermediate hosts and geographical regions 
(Thompson and Lymbery, 1990a, b; Thompson and 
McManus, 2002; Jenkins et al, 2005). 
A number of rostellar hook characters have been used to 
differentiate species and strains of Echinococaus (Kumaratilake 
and Thompson, 1984a; Thompson et al, 1984; 
115 
Kumaratilake et al, 1986; Eckert et al, 1989). Thompson 
and Lymbery (1988) pointed out the need to identify character 
redundancies, as the use of a large number of correlated 
characters may provide of false impression of phenotypic 
similarity. Many workers have condensed the rostellar hook 
characters into 2 functional characters (Hobbs et al., 1990; 
Ponce Gordo and Cuesta Bandera, 1997). In the present 
study all studied variables can be reduced to total length and 
handle length of both kinds of hooks. Hobbs et al. ^1990), 
clearly demonstrated that Tasmanian and mainland domestic 
strains are indistinguishable by rostellar hooks morphology and 
only one character, length of large and small hooks was useful 
in differentiating isolates from domestic and sylvatic hosts. 
The parasite materials collected from the hydatid cyst 
present in the liver and lungs of Indian buffalo show significant 
variation with each other as well as, with other isolates 
collected from Iran in many characteristics of rostellar hooks. 
All morphmetric values of buffalo lung isolates were found 
higher than buffalo (India), sheep, cattle and camel liver isolates 
from Iran. Similarly, Almeida et al. (2007), found 
morphological differences between the protoscoleces collected 
from different hosts (sheep and cattle) as well as from different 
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habitat (liver and Lung) of the same host. They reported that 
most of the morphometric values of rostellar hooks were higher 
in lung than liver isolates and suggested that lungs provide 
better physiological condition for metacestode development 
than liver. Further, statistically significant differences were 
observed in the total number of hooks, total length and handle 
length of large and small hooks while, only in blade length of 
small hooks between the protoscoleces collected from buffalo 
liver and lung hydatid cysts. Such variations could be due to 
differences in the physiological conditions of the habitats or due 
to variation of hosts and geographical regions, as morphological 
differences have been reported not only between the 
protoscoleces collected from different hosts/geographical 
regions (Kumaratilake and Thompson 1984a; Thompson et 
al., 1984; Ponce Gordo and Cuesta Bandera, 1997; Ahmadi 
and Dalimi, 2006) but, also from the same host of different 
provinces of the same country (Almeida et oL, 2007). Rostellar 
hook morphology has not been studied earlier from. India and 
this is the first report. However, by the analysis of development 
and morphology of adult worms, Gill and Rao (1967) suggested 
that the buffalo material resemble with E. canadensis of 
Reindeer origin from Canada which is now being designated as 
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G8 genotype. On the basis of differences in the hooks 
morphology it can be concluded that the differences may be due 
to influence of habitat, however, the possibility of the 
occurrence of different genotypes in liver and lung hydatid cysts 
of buffalo may not be ignored, as genetic differences between 
the protoscoleces isolated from different cyst of the same host 
have been demonstrated by Lymbery and Thompson (1989). It 
may be possible that genetic differences between parasite 
populations in different intermediate host species may 
contribute to variation in morphology (Lymbery, 1998). Thus, 
if the individual cyst in the intermediate host is from 
heterogeneous sources, it is possible that the samples used for 
measurement were genetically different and explained the 
differences in hooks measurement. Earlier, IrshaduUah and 
Nizami (1992, 1997) reported developmental and biochemical 
differences between the protoscoleces from buffalo liver and 
lung hydatid cyst and suggested that such differences may 
either be due to influence of habitat or they represent different 
strains. Although, the protoscoleces of buffalo liver and lungs 
hydatid cysts differ in the level of various biochemical 
components with each other (IrshaduUah and Nizami, 1997), 
but when they were allowed to develop separately in the dogs. 
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the differences were minimized possibly, due to occupying 
common niche (IrshaduUah and Nizami 1998). 
When the morphometric data obtained on the parasite 
materials from India and Iran were compared, it was found that 
the Indian buffalo lung isolates show similarity with Iranian 
camel isolates, while, buffalo liver isolates show similarity with 
sheep and cattle isolates from Iran in many morphological 
characters. A significant differences between different isolates 
were found in total length, handle length of large and small 
hooks and only in the ratio of blade length to total length of 
large hooks (Table 9). By these results, it can be suggested that 
the parasite materials collected from different hosts may either 
represent different strains/genotypes as reported previously 
from Iran (Fasihi Harandi et al., 2002; Ahmadi and Dalimi, 
2006) and Australia (Kumaratilake and Thompson, 1984a; 
Thompson et al., 1984), or the differences were simply due to 
host /habi ta t induced variations (Hobbs et al., 1990; Lymbery, 
1998; Constantine et al, 1993; Lymbery et al, 1990). In 
cestodes development, intermediate host influenced the 
formation of protoscoleces (Smyth et al, 1966) and the larval 
hook characters (Constantine et al, 1993). The host induced 
variation in larval hooks morphology can be used to infer 
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intermediate host origin of adult worm as suggested by 
Lymbery (1998). Almeida et al. ^007) also reported 
significant differences in many morphometric characters of 
small rosteller hooks of protoscoleces isolated from cattle liver 
and lung hydatid cysts whereas, insignificant differences were 
found only in 4 characters. On this basis, they suggested that, 
most host induced morphometric differences occur in the small 
hooks and only 4 characters out of 13 did not show significant 
evidence of host induced alteration. They, further reported that 
blade perimeter was unique character affected irrespective of 
hosts and hooks. 
Minor variations (insignificant differences) in the blade 
length of large (LBL) and small hooks (SBL) suggest that these 
characters are not influenced by the host and therefore, be 
more reliable traits than hooks number and total hooks length 
for differentiating texa, as suggested by Lymbery (1998). 
Hobbs et al. ^1990) found that the unchanged larval hooks are 
embedded within the hooks of adult worms and hook growth 
occur only in handle and guard while, blade size remains 
unchanged. Constantine et al. ^1993) proposed that larval 
hook traits present in adult worms from naturally infected 
definitive host could be used to determine intermediate host 
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species from which infection was acquired. They define the 
criteria for transmission of adult worms from dogs in Australia 
and showed how measurements of hook number and hook 
length could be used to infer transmission cycle in area where 
sheep and macropod occur together. The most variable 
characters found in the present study was total length and 
handle length of large and small hooks, which can be used to 
find out the origin of parasite materials from host species. 
Lymbery (1998), for the first time separately studied the 
genetic and environmental factors acting upon hook 
development and reported that the genetic variance was similar 
for all traits measured, but, they differed markedly in the extent 
of environmental variance attributed to development in different 
intermediate host species. He further reported that the total 
length of small hooks was most affected with 49-60% of 
phenotypic variance which was explained by environmental 
differences between intermediate host species. Furthermore, 
blade lengths of large and small hooks were not influenced by 
different host species and may therefore more reliable traits 
than hook number and total hook length for differentiating the 
texa. Rausch (1993) does not consider the number of rostellar 
hooks of any value for species identification. Sweatman and 
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Williams (1963) found that scolices of E. granualosus from 
abnormal intermediate hosts have a greater number of hooks 
than from domestic animals. They, further reported that the 
number of hook varies from cyst to cyst in E. g. eqiunus. 
In Iran only 2 different strains or genotypes (Gl and G6) 
were reported on the basis of morphological and molecular 
criteria (Mobedi and Dalimi 1994; Zhang et ah, 1998; Fasihi 
Harandi et at, 2002; Ahmadi and Dalimi, 2006). In the 
present study it was found that sheep and cattle isolates differ 
significantly in size of large hooks and handle length to that of 
camel isolate, whereas, cattle isolate show similarity with that 
of sheep isolates. This finding is similar to those reported by 
Hosseini and Eslami (1998) and Ahmadi and Dalimi (2006). 
Similarly, morphometric differences have also been reported 
between sheep and cattle isolates from Peru (Almeida et al., 
2007). In the present study significant differences were 
observed in the handle length between different isolates which 
is not in agreement with those of sheep and cattle from Peru 
(Almeida et ah, 2007), where insignificant differences were 
found. 
Comparison of the present morphological results with 
those reported earlier from different hosts and geographical 
122 
regions indicate similarity as well differences between them. 
The total number of hooks of buffalo (lung), sheep, cattle and 
camel isolates are almost similar, which also show similarity to 
those of common sheep strain of Australia, Great Britain, Spain 
and Iran (Thompson et al., 1984; Ponce Gordo and Cuesta 
Bandera, 1997; Ahmadi and Dalimi, 2006), whereas, less 
than those reported by Ahmadi (2004) from Central Iran. 
However, the total length and blade length of large and small 
hooks were higher than those reported from other geographical 
regions (Table 11). The cattle isolates show similarity in the 
number of hooks with the Swiss and Spanish cattle isolates 
whereas, show differences in the total number, as well as total 
length and blade length of large and small hooks to those of 
Central Iran, Australia and Switzerland. The Iranian camel 
isolates differ from Egyptian isolates in the total length and 
blade length of large and small hooks (Table 11). 
Thus, on the basis of morphological results, it can be 
suggested that the total length and handle length of large and 
small hooks can be used to differentiate different isolates of E. 
granulosus 
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(B) Molecular characterization: 
Many workers have demonstrated the importance of 
strain variations in E. granulosus and are in a favour of 
determining the nature and extent of strain variations in this 
parasite from various geographical regions (Thompson, 1995, 
2001; Thompson and McManus, 2001 , 2002; McManus and 
Thompson, 2003). Strain identification is particularly 
significant in India and Iran because, in both the regions 
several species of intermediate hosts were found infected 
(IrshaduUah and Nizami, 1989b; Juyal et ah, 2005; Oryan et 
ah, 1994; Mehrabani et ah, 1999) and there is possibility of 
interaction between the cycles of transmission (Schantz et ah, 
1995). A variety of criteria have been used to characterized 
different strains / genotypes of E. granulosus (Thompson and 
McManus, 2001 , 2002; McManus and Thompson, 2003). The 
practical value of morphology for differentiating different 
isolates of E. granulosus has been demonstrated by many 
workers (Ponce Gordo and Cuesta Bandera, 1997; Almeida et 
ah, 2007), however, it was shown that most of the 
morphological characters were influenced by the host species 
(Schantz et ah, 1976; Hobbs et ah, 1990), and some of the 
strains / genotypes did not show morphological differences 
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(Eckert et al., 1993). Therefore, emphasis was given on the 
value of DNA characterization procedure for differentiating 
isolates (McManus and Thompson, 2003). Thus, in addition to 
morphology, PCR linked RFLP approach of ITS 1 region of rDNA 
repeat was also used in the present study to characterize 
different isolates, as, it was shown that this approach provides 
a rapid method for discriminating species and intraspecific 
variants of Echinococcus (Bowles and McManus, 1993a; 
Bowles et al., 1994). It was also suggested that this approach 
is suitable for strain identification and the investigation of 
transmission patterns, especially in those regions where strains 
occurs sympatrically (Bowles and McManus 1993a; Wachira 
et at, 1993). 
In the present study more than one ITSI fragments of 
different sizes were observed after PCR amplification in buffalo 
lung and liver isolates from India, and cattle and sheep isolates 
from Iran (Fig. 11). Similarly, different ITSl fragments after 
PCR amplification have been reported in the sheep (1.0 kb and 
0.9 kb) and camel (1.1 kb and 1.0 kb) isolates of E. granulosus 
from different geographical regions (Bowles and McManus, 
1993a). Scott et al. ^1997) have reported 2 ITSl fragments in 
common sheep (1.0 kb and 0.9 kb), 2 fragments in pig (1.1 kb 
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and 1.0 kb) and 1 fragment in polish human isolates (1.04 kb). 
Bowles et al. /1994), found only one ITSl PCR product (1.04 
kb) in all studied 4 isolates of cervid strain (northern form) of E. 
granulosus. The base pairs of the fragments obtained in the 
present study on the Iranian sheep and Indian buffalo liver 
isolates were almost similar to that of common sheep strain 
(Gl) (Bowles and McManus, 1993a; Scott et al, 1997; 
Jamali et. at, 2004). Jamali et al, (2004) have reported that 
the size of amplified ITSl fragment of human, cattle and sheep 
isolates from Iran were similar in size (approximately 1.0 
kb).The fragment size of ITSl gene of Indian buffalo, cattle and 
sheep isolates were found as 1046 bp, 980 bp and 981 bp 
respectively (Bhattacharya et al., 2007). The level of diversity 
in the length of ITSl and in the various RFLP patterns suggests 
that more significant changes than just point mutations have 
occurred in the ITSl region, and in many cases two or more 
distinct ITSl types are present in a single isolates, presumably 
in different array in the genome (Bowles and McManus, 
1993a). 
The restriction enzymes EcoRl, Alul and Mspl produced 
similar patterns in buffalo lung and liver isolates whereas, two 
different patterns were observed by Taql and Hhal. The 
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numbers and sizes of the bands obtained by Taql, and Hhal 
differ between liver and lung isolates, indicating that the ITSl 
genes of both the isolates differ in some base sequences. 
Previous studies have shown that E. granulosus from buffaloes 
differ in morphology and development from that of sheep (Gill 
and Rao, 1967; Rao, 1968). On the basis of this published 
data Thompson and Lymbery (1988) suggested that the form 
of E. granulosus in buffaloes may be the same as bovine 
adapted strain reported from Switzerland, South Africa and 
various other areas. By the sequence analysis of Coxl gene, 
Bowles et al. (1992a) have reported that Indian buffalo isolates 
(G3) are quite distinct from the Dutch cattle isolates (G5) and 
only slightly different from common sheep strain (Gl). They 
suggested that like the Tasmanian sheep isolates, the Indian 
buffalo isolates are either variant of the common sheep strain 
or represent a genetically distinct but very closely related group. 
Molecular genetic data have confirmed the occurrence of cattle 
strain in buffalo and also revealed that buffaloes may harbour 
the sheep strain and a unique genotype not seen in other 
intermediate host specie (See Thompson et aL, 1995; 
McManus and Thompson, 2003). Bhattacharya et al, 
(2007) found larger ITSl gene fragment in Indian buffalo 
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isolates as compared to Indian cattle and sheep isolates. On the 
basis of Coxl gene sequence, they reported the occurrence of 
G2 genotype in 3 isolates collected from buffalo and sheep and 
the variations in the sequences of the rest isolates were 
explained as micro variants of G2 genotypes. Thus, the 
differences observed in the protoscoleces of buffalo lung and 
liver hydatid cyst suggest the occurrence of genetically different 
protoscoleces in different cysts of the same host, as reported by 
Lymbery and Thompson (1989). 
The digestion of the amplified ITSl fragment of Iranian 
sheep, cattle and camel isolates revealed that sheep and camel 
isolates differ in the banding pattern by Taql and show 
similarity in the pattern obtained by Mspl. However, no bands 
were observed in sheep, cattle and camel isolates by Hhal and 
EcoRl. The restriction enzyme Alul produce exactly similar 
pattern in buffalo, sheep, cattle and camel isolates indicating 
the homogeneity in the base sequence at which this enzyme 
act. Similarly, identical RFLP patterns between horse and 
cattle strains have been reported after the digestion with Mspl 
and Alul, however, the other restriction enzymes {Rsal, CFo 
and Taql) produce distinct RFLP patterns (Bowles and 
McManus, 1993a). On the basis of apparent conservation of a 
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number of enzyme recognition sites, they suggested that theses 
two strains are closely related. Fasihi Harandi et al. /2002), 
also shown the similarity in RFLP patterns between sheep and 
camel isolates from Iran by Alul, Mspl and Rsal. Three 
nucleotide data sets [Coxl, NADl and ITSl) have been 
investigated to resolve the relationship among species and 
strain of the genus Echinococcus (Bowles et aL, 1995). 
Bowles and McManus (1993a), compared the rDNA- ITSl 
region of 149 isolates from different intermediate hosts using 
PCR-RFLP method and confirmed the occurrence of different 
strains. They, further reported that despite of diverse host 
geographical origin all sheep isolates examined gave very 
similar patterns after digestion with restriction enzymes. PCR-
RFLP analysis of rDNA-ITSl region were also used to confirm 
the presence and host preference of sheep (Gl) and camel (G6) 
strain in Kenya (Wachira et al., 1993) and to show the 
presence of single strain (Gl) in domestic and sylvatic hosts 
on the mainland of Australia (Lytnbery et al., 1990; Hope et 
al., 1992). Bowles et al. ^1994) characterized 4 isolates of E. 
granulosus from cervid origin by PCR-RFLP analysis of rDNA 
ITSl region and reported identical RFLP patterns in all the 4 
isolates with the individual enzyme. They compared the RFLP 
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patterns of cervid strain with other strains and suggested that 
PCR- RFLP analysis of the nuclear ITSl region of the rDNA 
repeat can readily distinguish the cervid form from other 
strains of E. granulosus. On the basis of complexity of PCR-
RFLP patterns and distinct types of ITSl sequences, they, 
suggested that the cervid strain may represent an E. granulosus 
form of hybrid origin, which might be a relatively recently 
evolved variants represented a distinct genotype (G8) of E. 
granulosus. Scott et al. fl997) characterized human and pig 
isolates of E. granulosus from Poland by ITSl PCR-RFLP 
patterns and sequencing of NADl genes, on the basis of 
obtained results, they concluded that the polish human isolates 
represent a separate genotype designated as G9. 
The occurrence of only sheep (Gl) and camel (G6) strains 
have been demonstrated by mitochondrial gene sequences and 
PCR-RFLP analysis of rDNA- ITSl region of a number of isolates 
from different hosts and geographical regions from Iran, and 
the other animals were considered as accidental hosts (Zahang 
et al, 1998; Ahmadi and Dalimi, 2006). In a study carried 
out by Fasihi Harandi et al /2002), many isolates of E. 
granulosus collected from humans and various domestic 
animals from different geographical areas, were characterized 
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by using both molecular (PCR-RFLP of ITSl) and morphological 
criteria (metacestode rostellar hook dimensions). By these 
studies, they reported the presence of sheep (Gl) and camel 
(G6) strain in Iran and other animal species are infected with 
the sheep strain (Gl). The majority of camel was infected with 
camel (G6) strain and 3 or 33 human cases were also found to 
have this genotype. In addition, the camel strain was also found 
to cause infection to both sheep and cattle. They also 
demonstrated that both sheep and camel strain could be readily 
distinguished on the basis of hook morphology alone. 
In India the role of intermediate hosts as a source of 
infection to man is still not clear, although, human infection 
has been reported from different parts of the country 
(IrshaduUah et ah, 1989a), therefore, more molecular 
epidemiological studies are needed. However, it was shown 
that the sheep strain is the most common genotype of E. 
granulosus in Iran, which, affects sheep, cattle, goats and 
occasionally camels (McManus and Thompson, 2003). It was 
reported that in Iran two distinct cycles (sheep /dog and 
camel/dog) operate, which overlap and can interact with each 
other, as infections caused by the sheep and camel strains were 
detected in camel and sheep respectively as well as in man. 
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(Fasihi Harandi et al, 2002). It was shown for the first time 
by these workers that the camel strains are infective to man 
particularly in those regions of Iran where, the transmission 
cycle for the camel strain exist. On the basis of molecular data 
obtained on various isolates from Argentina, it was shown that 
4 of 9 patients were infected with the camel strain, although the 
local camel /dog cycle does not exist (Rosenzvit et al., 1999). 
Although, many studies demonstrated that the camel (G6) and 
pig (G7) strains are poorly infective or non infective to humans 
(Thompson and Lymbery, 1988; McManus and Rishi, 1989; 
Wachira et at, 1993; Zhang et al, 1998), but recent studies 
from Argentina and Iran have shown that camel strain is 
infective to man (Rosenzvit et al., 1999; Fasihi Harandi et 
at, 2002). 
Thus, on the basis of the differences in rostellar hooks 
morphology and restriction fragment length polymorphism 
(RFLP) between buffalo lung and liver isolates it can be 
concluded that both liver and lung hydatid cysts have 
phenotypically and genotypically different protoscoleces which, 
may represent as two different strains/genotypes as, 
suggested in other parts of the world (Thompson et at, 
1984; Kumaratilake and Thompson, 1984a, b; Bckert et al.. 
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1989, 1993; Bowles and McManus, 1993 a, b, c; Fasihi 
Harandi et al., 2002; Ahmadi, 2004; Thompson et at, 
2006; Ahmadi and Dalimi, 2006; Almeida et al., 2007; 
Bhattacharya et at, 2007). In earlier studies it was shown 
that the protoscoleces from buffalo lung and liver hydatid cyst 
show differences in the biochemical compositions and 
developmental patterns where, it was suggested that the 
differences may either be due to strain variation or due to 
influences of habitat (IrshaduUah and Nizami, 1992; 1997). 
Therefore, it is suggested that, in future studies, the habitat 
should also be taken into consideration from which the 
protoscoleces were collected. 
Furthermore, on the basis of the present results it can be 
suggested that the buffalo liver and lung isolates from India can 
be differentiated by RFLP patterns with Taql and Hhal 
whereas, sheep and camel isolates from Iran with Taql 
restriction enzymes. Further, comparisons of the restriction 
fragment length polymorphism among all isolates indicate that 
buffalo lung isolate are quite different from other isolates and 
the liver isolates show similarity with the sheep isolates. On 
this basis, it can be speculated that the buffalo lung isolates 
represent G3 genotype and liver isolate as Gl genotype. 
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However, in order to confirm this hypothesis, more molecular 
studies, particularly, mitochondrial gene and amino acid 
sequencing are required, which can provide rich data for better 
understanding about the differences between different cysts 
localization. 
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